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(OommunicatecI by S. R. Bose) 
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While working on a collection of plants from Assam and Burma 
at the Herbarium of the Eoyal Botanic Garden, Calcutta, the author 
came across a few plants which have proved new to science. Two 
of these are described below: — 

1. Artabotrys Cubittii Chatterjee vSp. Kov. — 

Habitu ab A. E. C. Fischer Bull,, 1937, 

436); sed r amis non msignis traversum, foliis majoribus, elliptico 



Arlaholrys Cuhitii/i Chatterjee Sp. Nov. Fig. reduced half Nat, 
A — Twig with infiorascence X B— Sepal xl. C — ^Petalxl. 

D — Stamen X 8. E — Carpel xT- 




D. CEAmEEJEE: ' 

lanceolatis, inargini piano, sepala loiiga, coiujecUvo vsiainiiiiim 
appendiculata, formato ovaiio differt. 

A la-rge cUmher ionning sometimes a large bush of 2 io 2-5 m. 
liigli ; branclilets nifous-tomentose when young, glabrous afbu'wards. 
yEemes. shortly petioled, elliptic-lanceolate, acute or shorlly acumi- 
nate, entire, narrowed at the base, upper surface glabu'ous or sparingly 
hispid when jmung, densely so on the Teins, lower surface rufous 
Mspid densely on the nerves, more or less glabrous when old ; 
tamim 10-24 cm. long, 4-8 cm. broad, midrib promiiKUil iHUicatli, 
primary veins 9-12 pairs slightly raised below, anasimnt sing m ar 
the margin; petiole 3-7 nini. long, stout, slightly gnjoved, EedxmdcH 
somewhat flat, sharply curved twice, — first at the base, again a 
little about the inidMe. 1* 5-2* 5 cm. long, adprc^sscdly rufous 
pubescent, bearing two 1-4 flowered fascicles, one at the a]H*x and 
one at the second curvature. Brads minute, lanceolate, ]>nb<\«c(Ujt ; 
pedicels 8-15 cm. long, rufous hispid. Sepals deltoid, long-a(unni- 
nate, 7-lOmm. long, imfoiis hispid on botli sides. FeUils 0, sub- 
equal, lanceolate, or ovate-lanceolate, obtuse, 38-25 mm, long, 
7-10 mm. wide, concave at the base, the inner more so, conniving 
over and covering the stamens and carpels; thinly tornentose on 
both sides, densely on the base outside, glabrous on the eoneave 
part within, with a ridge of dense grey hairs above the concavity. 
Stamens, sessile, oblong-cuneate, 2 mm. long, grooved at the back, 
connective broad, flattened apiculate. Carpels 12, ovary pyramidal 
4 mm. long, style constricted at the base and I lien ’abni]>t]y 
dilated so that it appears to be articulated on the ovary. Fruits 
1-3, shortly stalked, ovoid, narrowed at both ends, often obliquely 
compressed and shortly beaked. 1-2 in each fruit, })]ano- 

convex, elliptic, truncate at the base, 15-17 mm. long, 11-13 rum. 
broad ; testa stony. 

Burma. — ^Bhamo, alt. 163 m., 22-5-1910. G/BJ.S. Cuhiltlso. 038. 

Type in Herb. GaL, lower Chimhvin, Kami!, alt. 
130 ni. ; 7th Aug. 1908, Lace 3300'; Iiuby miners, 
Shanpanego left bank of Irrawaddy 51 h July 39.11, 
Hos. 5314 and 5315; Myilkyina Indawgyi 
Eeserve path from Kaiumun to Pepn/alt. 250 ni.; IHh 
May 1919, Cl <T. 

Assam.— Manipur, Sittang Eoad, on the hills, 1890. J. 0. Frazer 
Eo. 205. 

2. Oxymitra BiWasiana Chatterjee Bp. Kov. — 

0. fornicata Hk. f. & T. similis, sed foiiis glaberimis, floribus 
minoribus, petalis subacqualibus, carpelibus minoibus differt. 

Woody climber; stem and branches terete, black, ienliecdlate. 
Leaves simple alternate, shortly petioled, lanceolate or eiiiptie- 
lanceolate, acute, base tapering rarely, rounded, entire, glabrous on 
both surfaces, glaucous beneath ; 8 to 10 pairs of nerves from tlio 
midrib, all conspicuously raised below ; 7-5 to 16 cm. long, 2*5 to 
6 cm. broad. Petiole 4 to 6 mm. long. Flmvers extra axiliarv, 




Oxymiira Bisicasiana Chatter jee Sp. Nov. (Flowers smV.l and sub-iessile) 

X | Nat. 


solitary, subsessile x^yramidal. Brad solitary, ovate-lanceolate, 
situated just at the base of the calyx. Sepals 3, broadly deltoid, 
densely grandiilar, veined in the middle. Glabrous inside minutely 
pubescent outwards. 4*5 mm. broad, 4 mm. long. Petals 6 , biseriate, 
alternate, ovate-lanceolate, entire, acute, minutely pubescent on 
both sides, outer petals somewhat flat, outer petals 12 mm. long, 
inner petals slightly shorter than the outer, 9 mm. long. 
Stamens numerous, linear, cuneate, truncate anther cells sublateral, 
top of connective large convex. Torus convex. Carpels 8 to 10 — 
free, narro%vly elliptic, densely pubescent all over, small, 1-5 mm. 
long, style highly compressed, conspicuously hairy at the top. 
Pipe carpels 5 to 6, ovoid, covered with rusty coating ; 11-12 mm. 
long, 8-9 mm. broad, main stalk 5 mm., sharply bent secondary 
stalk 4 mm. long. Seed solitary ovoid, reddish brown shining with 
a median longitudinal depression. 

Burma. — Tavoy, Heinze Ohaung Camp. 550 m., P. T. Russell^ 
No. 2095, Type and Go-type in Herb. Gale.^ and 1814 
(4 sheets). 

Malacca. — Maingay 3397 (Kew distribution No. 61 Malaya). 




D. orattebjee 


,, 

Tlie author takes the opportunity of de(lieaiiii,e: tlie species in 
'honour of Dr, K. Biswas, b.sc,, f.e.s.e., Supcuintendeiit, I^oyal 
Botanic Garden, Sibpur, Calcutta, whose valuable eontribid ions 1o 
Indian Botany arc numerous and under whose incentive the (*xoini- 
nation of some unidentified Burmese plants was taken up by the 
writer., ■ 


miBRYO-SAC 01 SCROPEVLABlIflEM ^ 

' , '' ■■'ft',' 

DEVELOPMENT OF EMBRYO-SAC AND 
ENDOSPERM-HAUSTORIA IN SOME MEMBERS 
OF SCROPHULARINEiE 

V. Ilysanthes hyssopioides Benth., Bonnaya tenuifolia 

Sprang 

By 0. Y. Keishn-4 Iybngae, M.Sc. 

'Department of Botany^ UniveTsity of Mysore^ Mysore 

Received for x)tibIication on April 18, 1940 

Observations -on the present genera were communicated to the 
Indian Science Congress during its sessions of 1929 and 1931. A brief 
reference to them was also made by the author (1937) in his first paper 
of the series. Subsequently many other members of the Scrophu- 
larinese have been studied, and accounts of their developmental 
peculiarities in the endosperm, liaustoria etc., have been published 
^ by the author from time to time (1937, 1939a, 19395, 1939c, and 
1940a). In the last paper of the series an attempt has been made to 
classify these plants into the various types according to the method 
of formation of the endosperm haustoria. The two present genera 
can be brought under the Fro4mosella4;y-pe (Glibic, 1936-37) as the 
following account shows. 

Materials and Methods 

The material was collected from the marshes round about 
Bangalore and fixed in ehromo-acetic acid solution with csmic acid. 
The sections were cut between eight and twelve microns and stained 
in Heidenhain’s iron alum hiematoxylin. 

OvuTvE. — The ovary consists of a thick placenta bearing an 
^ indefinite number of anatropous ovules. The ovule is composed of a 
"reduced nucelliis and a single thick integument. The innermost 
layer of the integument develops into the tapetum which forms a 
lining layer to the lowt r non-dilated part of the embryo-sac. The 
cells of the placenta and the integument are filled with oil globules. 

Ilysardhes hyssopioides Benth. 

Embryo-sao. — T he large hypodermal archesporial ceil, surrounded 
by a single layer of nucellar cells, functions directly as the megaspore- 
mother cell. The integument makes its appeaiance at this stage in 
the form of a ring at the base of the nucellus (Fig. 1), and as it develops 
further the ovule assumes an anatropous position. The megaspore 
mother cell elongates conspicuously, becoming broader towards the 
mieropylar end and narrower towards the chalazal (Fig. 2). Fig. 3 
represents a meiotic stage with the bivalent chromosomes; their 



0 . V. ERI8ENA lYUmAB. 




Figs» 1-13. Ili/santhes hpssophides Benth. 


Figs. 1-4. Stages in embr-yo-sac deve’opiiKnt { x 530). Fig. 5. 
Stage in emli'yo-sac development ( X 233*5), Fig. 0. fStage in einbryo-sae 
development { X 140). Fig. 7. Fmbryo-sac (X 233*5). Figs. 8-13. Deve- 
lopment of endosperm and haustoiinm ( X 140). Ant. Antipodal cel] ; Oh. 
Hau^. Chalazal haustoiinm; Emb, Embryo; B,N. Egg nucleus; End. 
Endosperm ; End. N. Endosperm nucleus ; Mic. Haus. Micropylar 
haustoriurn ; Of. Ovary; Ovy. wall. Ovary wall; PL Placenta; Pol. E%i. 
Polar nuclei ; S^jn. Synergid ; Tap, Tapetum* 
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exact number could not be decided as tbe number of ovules showing 
this stage was very small in my materiaL The first division of the 
nucleus is followed by a transversely placed wall resulting in two dyad 
cells. Usually the second division takrs place simultaneously in 
both the cells, resulting in a linear tetrad of megaspores. At times, 
however, one of the dyads divides earlier than the other. The outer 
three megaspores invariably degenerate and disorganise, while the 
chalazal enlarges and develops into the embryo-sac. Further nuclear 
divisions follow in quick succession resulting in a normal eight-nucleate 
embryo-sac. Tbe two polar nuclei, now migrate towards the middle 
of the sac. The egg apparatus and antipodal cells are organised in a 
normal manner surrounded by dense cytoplasm. From the tetrad 
stage onwards the nucellar' jacket steadily degenerates; even the 
vestiges of its cells are not seen when the embryo-sac is mature. The 
integumentary tapetiim, already mentioned before, forms the lining 
layer of the narrower chalazal portion of the embryo-sac. 

FEUTnjzATiox.— Although many flowers were collected and cut to 
study fertilization, the required st ages could not be found in my materiaL 
The two polar nuclei fuse to form the secondary lucleus shortly 
before the entrance of the pollen tube. Immediately after fertiliza- 
tion the synergids and antipodals begin to degenerate. Even during 
the early stages in endosperm formation the disorganisation of these 
ceils is complete. 

Embryo and ENDOSPERM.—The fertilized egg develops into a long 
tubular structure which squeezes itself between the micropylar haustorial 
cells and penetrates for some distance through the endospeim tiers. The 
further development of the embryo is quite normal and is similar to 
that of the other members of the family already studied by me. 

The first division of the primary endosperm nucleus is succeeded 
by a transverse w^afl separating the chalazal cbamber from the micro- 
pylar. The next division, which is also transverse, takes place in the 
microi)ylar chamber, and thus a row of three cells is organised. The 
middle one gives rise to the endosperm while the other two cells are the 
haustorial initials. The third division, which is longitudinal, takes 
place in all the cells. The fourth is also longitudinal, but this is con- 
fined to the micropylar and the middle cells. As a result of these four 
divisions ten celts are formed, namely, tw^o chalazal, four middle 
and four micropylar ones, reminding one of the corresponding stages 
in Alonsoa and Sopvbia (Author, 1937). After a series of longitudinal 
and transverse divisions the middle tier develops into the body of 
endosperm while the two terminal tiers form the micropylar and chalazal 
haustorial ceils. During the development of the endosperm the 
embryo-sac enlarges significantly, adequate space being thus available 
for the enlarging endosperm tissue. The upper and lov^er ends of this 
tissue are composed of darkly staining smaller cells with rich proto- 
plasmic contents but poor in starch. In all probability these cells 
assist in the translocation of food material from the haustoria to the 
more deeply placed endosperm tissue~a feature common to many 
members of Scrophularineae. Starch grains are abundantly deposited 
in the endosperm cells. 
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ENBOSPEEM lJAusiORiA.—Tlie tier of cells towards tlie micro- 
pyle develops into the four nni-nticleate, unbranched micropylar 
haustoria. These are spindle-shaped bodies aggressive in nature, as 
seen by the disorganised cells in the neighbourhood. These show rich 
contents and hypertrophied nuclei and persist long after the chalazal 
haustoria show degeneration. 

The two cells towards the chalaza form the chalazal haustoria. 
Their upper ends are large and hulhous and the lower are drawn out 
into simple long and unbranched tubular structures ending just near 
the vascular traces of the integument (Fig. 10). The lich protoplasm 
is somewhat vacuolated in the upper end, and the hypertrophied nuclei 
are very consxucuous. The vertical separating membrane betw^een the 
haustoria is very thin. Even during early stages of endosperm 
formation the chalazal haustoria show signs of senility. Their nuclei 
disintegrate resulting in the eoenocytic appearance of the haustoria, 
which at this stage appear partly reduced in size. 

Bonnaya tenuifoUa Bpreng. 

Embryg-sac. — T he embryo-sac is exactly similar to that of 
Ilysant'hes. The dilated micropylar end, the narrow chalazal end lined 
by the integumentary tapetum and containing three small antipodals, 
and the fusion of the polar nuclei before fertilization, are common to 
both the plants. 

Embryo and Endosperm. — ^The stages in the embryo formation 
are also similar to those of Ilysanthes. 

As before, a row of 3 cells is formed after the division of the pri- 
mary endosperm nucleus. The middle cell gives rise to the body of 
the endosperm while the terminal cells give rise to the haustoria. As 
before the two ends of the endosperm tissue are composed of smaller 
cells probablj^ meant to act as translocatory cells. 

Haustoria. — The first four divisions of the primary endosperm 
nucleus result in the organisation of two chalazal, four micropylar 
and four central cells. The micropylar haustoria are simple, 
unbranched, uni-nucleate and persistent. The chalazal haustoria axe 
simpler than in IlysantJies, and do not show the differentiation into a 
swollen bulbous region and a long drawn out lower region. Older 
haustoria show the disintegration of the two nuclei and the dissolution 
of the separating membrane resulting in a single large chamber in this 
region. 

In the mature seed the entire tissue of the integument including 
the tapetum is found to be used up and absorbed, so that the endosperm 
cells come in direct contact with the epide mis which shows conspi- 
cuous thickening of its ceil walls. 

Conclusion 

The position of the two closely allied genera IlysaniJies and Bonnaya 
in relation to the other members of the family may be summed up as 
foilo-ws : — 
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subsequent development of thf^ 

without any notabir^Liatiou nL megaspore take pJaee 

iTo4r';crLrs„TSr?i!l^ 

the consequent formation of ■Severn i ^^^^msporial cell and 

worthy feature. tetrads happens to he a note- 

in th? while fomTT^^^^hrS entirely norma] 

evanescent. Stemodia lAutho? ^ S’enerally .small and 

the chalazal en“ S^tSn.^v S .since here 

podals loosely pkceS“?I this ^rilf. 

1906) only Jo Ltipodals arc- Iretent onVi/tl™ 
owing to the absence of a separaSnl won Te Jr ’«-“«eIeale 

1906) antipodals are only ra?lirfllm (Scmni), 

althoush L cia" ta- tir * “„t 

ade^^te .pace 

noticed i„°1S'miS*£ST "'I"" ™M-»-»c' it' 

Celsia, Limnophila and Vandellia Isoplexis, 

delay in the organisation Ind ^ «ie’ 

responsible for this In may be 

(1939), starch US' ar^menLSd'l of 

Unfortunately, he meSnTonll f.^ S4 familie.s. 

larineffi, and this is from the authors % “^‘“t>cr of the Scrophu- 
(Author, 1937). tne author g hrst paper in the series 

is 4rdTF;;iLtiT”:5“r •“« =“ »» ‘-'->-0 

the iainily. This is compied SadlM S f'""' I^-'s of 

oontots; This condition Is a“SS S h , ”‘?‘ I'™l“I'l»M>,ic 
haustorium in these plants. Whether it is ^ <dialazai 

pact tissue which impedes the orowt}, in ,! . ; tPi^ coin- 

rendered by this in the absorntionlmitr ^ ‘ Jiainstorm, or tJi<' aid 

material which makes e.Ttm 

zzi <^^nZTs:zM; 

to foim nleTeus^w^^ generally fuse togiqh,.,- 

4^torcZopli.a5 and others to migrate to ’cndcney as in 

either before or after ferlili/qtinn ^Vi of the e..<n 

Scropiularia, F™,*. ™c“ »h» insl.nc.s' liE?. 

nnclM c« free Mil tcrtilicaiion is o;™ i„ „S „", '"'t ""‘ I"d" 

nnhpodal, persist during ,he early 


11 


EMBRJO^BAG OF 8GE0PH ULABINE.E 

while ii). Gratiola (GlisiCj 1933) these are reported to be present even 
longer during older stages of endosperm and embryo development. 

Integitmektary Tapetxjm.— During the development of the 
embryo-sac the niicellar jacket begins lo degenerate till at last the 
sac lies in direct contact with the integument. There are, however, 
some excrptions. In is for instance (Author, 1939a), the 

occuiTence of this jacket with starch grains in its cells has been 
noted even when the embryo-sac is mature. 

The development of the integumentary tapetum and its nutri- 
tional value has been described by several investigators. The 
presence of rich protoplasm, starch grains or fat globules charac- 
terises the cells of this layer. It often lines the non-dilatcd 
chalazal j^art of the mature embryo-sac although the entire sac is 
surrounded during the earlier stages. Btemodia (Author, 1939Z>) is 
exceptional, for here the chalazal end is dilated and devoid of the 
tapetum while it is the micropylar part which shows the sheath. 
In Alectoroloplms (Schmid, 1906) the entire sac possesses a 
sheath while Pedienlaris sp. (Schmid, 1906) shows varying grades of 
sheath formation. In several members the later stages of tapetum 
are particularly interesting. In (Schmid, 1906), Celsia 

(Author, 1939a) and Yandellia sp. the cells are of significantly diff- 
erent sizes. Smaller and larger cells alternate regularly in Verhascmn, 
but in Celsia and VandelUa this regularity is wanting. Generally, 
in all the three cases, the larger cells occur in the middle portions 
of the sheath. In Centranthera (Author, 1939c), however, a few cells 
at the chalazal end of the sheath enlarge conspicuously. It is 
often noticed that the unusual development of the tapetal cells takes 
place at a time when the haustoria are unable to meet the demands 
of the growing embryo and endosperm, either on account of their 
reduced size or senility or nonfunctional nature. A digestive, 
absorptive, and storage function has been ascribed to the tapetum 
in these members, the peculiar thickening of the tapetal cell "walls 
in this region and the enlargement of the cells lending further 
support to this view. Since the tissue between the tapetum and 
epidermis is digested and absorbed, and since the epidermis does 
not show any thickening of its cell walls in several members, the 
protective idle has also to he performed by the tapetum. In Limno- 
pTiila^ Btemodia (Author, 19395) and Bonnaya^ on the other hand, 
it is the epidermis which assumes the mechanical role. 

Endosperm and Haustoria. — The sequence of early divisions 
of the primary endosperm nucleus during the development of endo- 
sperm and haustoria has engaged the attention of many investigators. 
In all the types studied so far the first division of the nucleus is 
followed b3" a transversely placed wall separating the embiyo-sac into 
a chalazal and a micropylar chamber. The succession of ether 
divisions varies in different members. The following table and 
diagrams summarise the conditions found in all the plants studied 
by me so far. Prom thislt is seen that the second division is trans- 
verse in Alonsoa^ Ilysanthes, Bonnaya^ Sop'uhia^ VandelUa sp. 
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(Author^ 1937, 1939<?, and 1940^) and HerpesUs (Srinath, 1034), 
and this separates the 4^ Endosperm mother celF' from the niiero- 
pylar chamber at a very early stage. Thus, we find three chaml)ers, 
chalazal, the middle and the micropylar after the first tAvo divisions. 
Pedicularis (Semin, 1906) and to a certain extent Lathtwa show the 
same sequence, but in the latter the second division is soineiimcB 
longitudinal instead of transverse. Isoplectis, CeMaj Verbmeum 
(Schmid, 1906) mid Scrophularia (Schertz, 1919) belong to the 
Verha.mmAj’pe showing two longitudinal divisions succeeding the 
first transverse one. JAmnopMla 2hn& conform to the 

imo 5 elk-type (GliSic, 1936-37)* In iRe Verbascum' and LimoHella- 
types the differentiation of the endosperm cells from the micropylar 
haustorial cells is delaj-ed. Since latlirwaKim occasionally exhibils 
a similar feature one is led to suspect that the nutritional factor 
might have a part in this peculiarity. T am inclined to btlieve that 
a few nutritional experiments conducted on some members may yield 
interesting results in this line. 

The number and formation of the hauvstoria also varies in the 
several types. The earliest to be organised is the chalazal haustorlum 
while the micropylar haustorium is differentiated later on. The 
most common and basic number of haustorial ccIIb is four miero- 
pylar and two chalazal ones. Even if this number be modified, the 
number of nuclei remains the same. Thus, in the micropylar 
haustorium it is possible to find all grades from four uni-nucleate 
cells to one tetra-nucleate body. A tetra-nucleate chalazal haustorium 
is, however, not seen, although four imi-micleate cells are present 
in the Far&^6’c?m'type. The multi-nucleate condition is the 
result of either nuclear division or incomplete wall-formation or a 
dissolution of the separating membrane between the haustorial cells. 
The bi-nucleate stage of the chalazal haustorium and the bi- or tetra- 
nucleate stage of the micropylar haustorium are instances of this 
hind. An interesting exception is seen in Graiiola (GuJ^id, 1933), 
in which the chalazal haustorium, instead of remaining a single uni- 
nucleate cell, occasionally forms two uni-nucleate cells or a single bi- 
nucleate body. A similar condition is seen in TandelUa in which 
a single uni-nucleate chalazal haustorium may be present eithef 
from the commencement, or is formed at a later date by the degenera- 
tion of one of the nuclei of a M-nucleate cell. The exact reason for 
the degeneration of the nuclei cannot be stated at j^resent. 

The sequence of the haustoria is another noteworthy feature. 
The chalazal haustorium is organised first and the micropylar is a 
later arrival; to correspond with this the senility of the 'chalazal 
haustorium also sets in earlier. The micropylar hmzstorium is 
often naore elaborate in structure than the chalazal one (although the 
latter is considerably larger in several members) and assunn\s 
various shapes. This is highly branched in Alonsoa^ bulbous in 


The author has subsequently observed a tetra-uueleaie eljalazal 
haustor um alou^ with the secondary haustorial iliam mts in Amdonia 
grandtflora. A paper on this xdant is ready for publication. 


Sequence of Divisions Mic. Haus. Cells Ch. Haus. Cells 
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Isoplexis. club-shaped in Bonnay a md lly smithes^ tubnlar, filiform 
and. proug-Iike in Melampyrum (Schmid, 1906) and molar -like in 
Pauloionia (Mills APS, 1936). Often one kind develops at the cost 
of the other. In the author’s words (1937) the kind of liaiistoriimi 
present, its shape, size and structure, and the duration of its 
activity depend upon the degree of demands made by the develop- 
ing embryo^ and endosperm on the stored up material, tlieir period of 
dependance, the available nutrition in the neiglibourhood and tlie 
quality of nutrition”. There are aggressive as well as non-aggressive 
haustoria present. In all the parasitic Bhiiianthie. both tlic haristoria 
are often aggressive. In the F^rtoo?^w-type these are rioii-aggrevssive, 
while mGratiola they are reported to be almost non-functiomiL 

The older haustoria often show hypertrophied nuclei. Althougdi 
the nuclear size is inversely proportional to ihe number of haustoria] 
cells it is found that the sizes of the haustorinm and nucleus (*annot 
he correlated. The hypertrophy of a nucleus is understood to he the. 
result of its respon>se to the nutritional stream ; but it is not clear to 
me why one of the nuclei in the chalazal haustorinm of VmuMlia 
should degenerate. A similar situation is met with 'in Meidha 
(Buttle, 1931) in which one of the nuclei of the bi-inicleate chalazal 
haustorium happens to he smaller than the other. 

The presence of cellulose rods or granules in the older haustoria 
is a common feature of many membeis. It reaches its highest 
development ill the f lateral haustoria’ of Beclktdaru {Bcidod, 
1906), forming a conspicuous netdike structure. 8 chmu) attributes 
a mechanical function to these structures since llieir advent coin- 
cides with the time of the haustorial senility. But in VandelUa 
Mrsuia (Author, 1940<z) while the chalazal haustorium begins io 
degenerate most of these rods also disappear, leading one to infer 
that they have a probable nutritional idle. 

The evolutionary tendency of the haustoria. in tlie H<xap]ndirri)^efv 
is an important feature. A few diagrams have becui presiuited bck^w 
to show the condition in the diiTerent fornns. Tlie 
type seems to he the most primitive including Ii>oph\ru\ Vcrhahr'iim, 
Celsia, and others, showing four haustorial cells of each kind. Thf* 
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next in the series is the Pro4imofielh4jp^> ineiiidiiig Ahmhm, 

IlysanthcR, Bonnaya, Vandellia and others all of which show four 
micropylar haustorial cells and two chalazal cells tlu' later fusing 
to form a single bi-nueleate body at a later stage'. Vandellia is 
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exactly like Alonsoa in having two • uni-nucleate chalazal cells , 
which later form a single M-nucleate cell by the disappearance of the 
separating wall, reminding one of Xinana (Schmid, 1906) and shows 
a uni-nucleate condition later on as in (Svensson, 1926), 

Stemodia and LimnopMla (Author, 19395). The next stage is seen 
in the GratiolxAoTm where the chalazal haustorium is a uni-nucleate 
cell and the micropylar is composed of two uni-nucleate cells. Occa- 
sionally a bi-nucleate cell or two uni-nucleate cells are reported in 
the chalazal haustorium of Gratiola, which feature might throw some 
light on the ancestry of this member. Fauloionia (MiimSxiPS, 1936) 
stands as a unique type with the incomplete cell division in both the 
haustoria which happen to be bi-nucleate as in the figure. While 
this form occupies a higher place than (if only the number of 

cells is taken into account) it ought to be less advanced judging from 
the nuclear number. Thus the tendency seems to be to reduce the 
number of haustoria and their nuclei. Although the occurrence of 
a single uni-nucleate chalazal cell is a common feature in many 
cases, the micropylar haustorium is composed of either two uni- 
nucleate cells or a single bi-nucleate body even in the most advanced 
members of the family, pointing out thereby that the micropylar 
haustorium is a more conservative structure in this family as a 
whole. While there is not a single ScropMlariaceous member 
with one uni-nucleate micropylar haustorium, there are several 
instances of this kind in the Bignoniacese (Maxjeitzon, 1937). 

Interesting deviations in the function of the haustoriai cell are 
reported in several members. The addition to the endosperm tissue 
by the activity of the primarily haustoria! cell as in Incarvillea 
compaeta (Mauhitzon, 1937) and UtriGiilaria (Kausik, 1938) and the 
formation of conducting cells from the chalazal and the micropylar 
haustoriai cells as in Graiiola are some of the peculiar functions of the 
haustoria. 

SuMMAny 

1. A reduced nucellus and massive integument are present 
in both the plants. The formation of a tetrad of megaspores and 
development of the embryo-sac take place normally. The nucellar 
epidermis disorganises at a very early stage and the integumentary 
tapetum lines the narrow chalazal end of the embryo-sac. 

2. The primary endosperm nucleus gives rise to three chambers 
by two transverse divisions accompanied by wall formation. Two 
longitudinal divisions follow, resulting in the formation of the micro- 
pylar, chalazal and middle tiers of cells. The middle tier develops 
into the body of endosperm. 

3. The chalazal cell divides to form two unbranched uni- 
nucleate chalazail haustoria. In these are broad and 

bulbous towards the endosperm and tubular towards the chalazal ; 
in Bonnaya these are simpler in structure. 

4. The micropylar tier develops into four unbranched uni- 
nucleate haustoriai cells which are spindle-shaped or club-shaped. 
These are aggressive in Ilysanthes and non-aggressive in Bonnaya, 
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5. The degeneration of' the clialazal hainstorinm sels in earlier 
in both the forms, and the thin separating rueiubrano shows a ten- 
dency to disorganise, the haustormni in the meanwhih^ prest^nting 
a multi-micleatc appearance by the fragmentation of its nuehms as 
ill Ilysanthes. 

6. The endospermal cells adjacent to the Iiaiistoria are smaller 
and more richly protoplasmic. In all probability their fnnetioii is to 
assist in the translocation of the food material from liie hansioria 
to the more deeply placed endosperm tissiK\ 

7. The embryo in both the forms is typically di<a)tyh.‘donons. 

Grateful acknowledgement is made to Dr. Isl, A. Hampath- 

kumaran, m.a., pIi.d., s.m. (Chicago), Prohassor of Botany, Central 
College, Bangalore, who was kind enough to suggest this ]>robiem 
and give all facilities for its investigation, and to Dr. P. Makes! i war i, 
D.sc., F.N.I., of the University of Dacca, for his suggestions and help- 
ful criticism while writing this paper. 
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STUDIES ON THE PHOTOCHEMICAL ACTION 

IN PLANTS 

L—The respiration of entire P/stia plants in light 
By Shei Eanjak 

Received for publication on July ISy 1930 

Inteobitction 

Some of the earliest works in connexion with the effect of light on 
the respiration in plants comes from Eussia. It was Borodin^ who 
discoYcred an indirect relation between light and respiration. He 
found that the respiratory actmties of leafy twigs, when kept in 
darkness, gradually decreases, while the activity augments when 
they are again illuminated. He suggests this to be due to the 
decrease and increase of carbohydrates in darkness and light respec- 
tively. 

Bonnier and Mangin^ however showed that light has a direct 
effect also on the respiratory mechanism. If plants are placed 
alternately in light and darkness a retarding influence of light is 
noticed. This has no relation to carbon assimilation for the effect 
is noticed in plants without chlorophyll also, 

Maximov^ noticed that the effect of light on Aspergilhis niger 
varies with the age of the culture as also with the nature of nutrient 
medium. 

Eecently Middleton"^ and Whimstei^^ noted a very slight effect 
of light which they ascribe to ionising action of light. 

Carreau also noted the liberation of CO 2 from tis sues in light. 
Cerighelli,^ however, interpreting his results, believed that this is 
due to the liberation of CO^ from non-green tissues when the tempe- 
rature is high. When the temperature however is below 30° C 
there is no COg emission which is due to the assimilation exceeding 
the respiration rate. 

Spoehr^^ divided the light reaction into two classes : — the 
direct and the indirect. In the first light directly acts bringing 
about pliysico-chemical changes of certain physiologically impor- 
tant substances within the organism e.gr., reduction of pH, etc. 

Meyer and Beleano found that at constant temperature and in 
dark CO 2 production is decidedly higher during day than at night. 
Mortiz and Traube believe that it is the partially dissociated oxygen 
(- 0 - 0 -) which combined with the oxidisable substances. 

Warburg^^ however found that light has some photochemical 
effect on respiration. Working on yeast he found that the respira- 
tion was arrested by the presence of CO. But if a mixture of CO 
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and yeast was exposed to liglit^ respiration ^‘HUuicd. This lu* said 
w-as duo to the dissoeiatiorriii of the CO wliieh is bound 1o tho 
Fe of the respiratory ferments. 

The researclies of Dhar® and his collahoraiors, in rilnu hu\o. 
shown that food materials like starch, sugar, proteins am! fats in 
aqueous solations or suspensions are oxidised to earlion dioxi<le and 
water hy simply passing air at ordinary lemperaiure, in pri'smiee of 
light, in the absence of light they find no smdi (>xidaf ions, in 
the presence of inductors, however, like ferrous hydroxide or ginlu- 
thione, the food materials are oxidised even in the abstmee of light, 
hut in the presence of light these iiidiic(^d oxidations are greatly 
augmented. Dhar has also been able to shcjw that EiitsUauns Imw 
of photochemical equivalence has been found to be applieabU* to the 
photo-oxidation of glucose. Beeently Abilous, Alov and Valdi(|uiei 
have shown that Isevulose and other sugars o]>tained liy hydrolysis 
of carbohydrates readily decompose in surdight* with the. formation 
of formaldehyde. 

Eegarding the influence of temperaturo on ]dKdoe]iemi<'al 
reactions, in ideal cases, in the absence of light, no chemi<*al change 
should take place, and so the temperature eoefhcient should be 
unity. In such cases Einstein’s Law of photochemical equivalence 
will hold good. But such ideal reactions are very rare. Generally 
the temperature coefficient of a reaction occurring in light is mucii 
greater than unity but it is smaller than that of the r(*aeli<m in dark. 
Dhar finds, in the case of oxidation of potassium oxalate by i<idii!e, 
that in darkness for a 10° G rise, it has a value of 7*2. While in 
diffuse light the temperature coefficient is 3*4. This is due to the 
previous activation of most molecules in light, and {‘onsequentiy 
further activation is relatively less w-ith rise of teinperaturc*. 

Parija and Saraii^ working on the albino varieties of Araiia 
found that, by exposing these plants even to a siiort period of diffuse 
light, the respiration rate after the exposio'e got aiigimmted. 

While not aspiring to clarify fully tlie pliysieo-cliemieal cojuplexi- 
ties involved in the light reaction an attenrpi is mmle hi this paper 
to gauge the effect of light, at different teirq^eralunss on the respira- 
tion of plants. Work on this line is fraugld: with diffieulties, for 
no sooner are the green tissues exposed to light than ihe iv\om^ 
reaction, i,e., assimilation commences, masking in sonu^ eases e(fm- 
pletely the respiration rate of the tissues. 

Methods and Pkoceduke 

For the determination of the rate of n^spiration, the rmdhod of 
estimating the amount of carbon dioxide given out l^y the h aves, in a 
current of air, vras employed. For this purpose the well-known air 
current commutator devised by Blackman “was useci. Tlio flow of 
air through the plant chamber was maintained by an aspijutor at a. 
rate of about 1000 c.c. per hour. 

The plant chamber was a simple large imutiml bottle, fitted 
with a rubber cork, through wlucli inlet and outlet tubes wt^re 
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inserted. This was placed in a Hearson’s cool incnhator and the 
temperature regulated according to the needs of the experiment. 

As a source of light 1000 w. Osram lamp was used and was 
placed at a distance of one foot from the respiration chamber. 

A rectangular glass jar through which circulated a stream of 
cold water was interposed between the lamp and the respiration 
chamber which absorbed the radiant heat from the lamp. 

The PrANT Material 

The material used was Pisiia belonging to the family Aracese. 
The size of the plant is ideal for experimental work with entire 
plants . It is free fioating posses sing a rosette of green leawes. For 
each experiment a full grown healthy Pistia was brought from the 
garden in a beaker containing water. The plant was well washed 
and then put in the plant chamber which contained about 4 c.c. 
of distilled water. After each experiment the plant was taken out 
and the roots removed. It was then dried at 95° 0 in an electric 
heater and its dry weight taken. As far as possible full precautions 
were taken to ensure uniformity regarding the selection of plant 
materials for the successive experiments. 

Experimental Eesxjlts 
Ees^nration of Slioots : — 

Experiment 1. — The first experiment conducted on Pistia was 
at 35° 0. The respiration which started at about 11- 7 mg. CO^ per 
gr. dry weight x>or 3 hours, fell off within 30 hours to a value little 
above 5 mg. COg (Fig. 1). 
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After a period of 42 hours in darkness, wlien li<;]it was su])plicd, 
the CO 2 emission fell off due to photosynthesis in sueees.siy.^ slops 
to a minimum value which was 1-3 mg. CO.j j>or gr. dry wcighl jier 
3 hours. However, after remaining at this low value for a l)ri(-f 
period of 3 hours it again rose slightly. The change from light, (o 
darkness brought about a rapid rise in the CO^ ouf])Ut. The 
maximum CO^ emission at this stage being higlnw than the jirolo- 
plasmic respiration just before exposure to ligdd._ However, after 
having attained this' peak the respiration rate agaiti hdl off almost 
at once. 

Experiment 2. — This experiment was earri<-d out at 10- 0 and is 
shown graphically in Pig. 2. Here the respiration rate from tin- 
very beginning Avas less than the rate of r<‘Spi rat ion <il the pre\ious 
experiment. 



Time in HourU 

■ Fig-. . 2 (40° G) 

. Stnootlied out oui'Vf* 

Rd^spimtiem in (lark 

■ CO2 .given., cut in light 

The observed 00^ emission decreases, in light, more or le.ss, 
in the same form as in the preceding experiment, ?.c., tiropping to a 
rainimiim rate whicli is 0-.'5mg. CO. and then again rising slightly. 

After light when the plant was put in darkne.ss, the rt'spiraiion 
rate steadily rose higher and higher reaehiiig a maximum of (i-o mu. 
CO. betweea 6 and 9 hours. Thert'afler it fell off. 

A point_ of similarity between the previous ex]:erimeiit iiiid this 
one is that in both eases the protoplasmic respiration comes down 
to nearly 5 mg. CO... The difference, however, belAveen the two i.s 
in the after effect of light. In the preceding oxjierimcnt the after- 
effect of light is very much more marked than in this. 

Eispermcni 3. — ^Por the following experiment, btdow room tem- 
perature ice Avas put in the incubator and tin; temperature regulate(i 
at 27" 0. . . i b 
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To avoid taking -unnecessary readings of the floating part of 
respiration, the plant was put as usual in the plant chamber, but the 
air issuing from it passed through distilled water placed in the 
pettenkofer tubes. It was only after 24 hours that the respiration 
readings were taken. The respiration rate, at the protoplasmic 
level, is only 3 -8 mg. CO 2 . This is markedly less than what it is 
at 35® 0 or 40® 0. After a total period of 48 hours when the respi- 
ration rate had come down to a steady protoplasmic level, light was 
given. In light CO 2 emission drops, as usual in successive 
steps to a minimum of 0-6 mg. COg thereafter it again rises slightly. 
The after-efect from light to darkness is well marked and shows a 
maximum at the end of 3 hours. Soon after the peak is touched 
the respiration rate commences to climb down. 

Experiment 4.— The last experiment of this series was made 
at 20*5® C. The plant, as in the previous experiment, was first 
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put in darkness for 18 hours at room temperature (nearly 32' C) 
but no readings were taken. 

The respiration rate (Fig. 4) which showed high value at lirst, 
at 20-6" C, quickly climbed down to about 5 mg. 00_. After 24 
hours at 20-5° C light was given. The CO.^ emis-sion fell off as 
usual to a minimum of 0-4 mg. COj and, thereafter steadily increased. 
After 12 hours in light the respiration in darkness did not show much 
of an after-effect in this case. The respiration rate reached f)-,! mg. 
COi, where it kept constant till the end of the <>xperim<,>iil. 

Bespiralion of Pistia Boots : — 

Experiment 5. — In order to see whether the respiration of non- 
green tissues is as high as that found in green tissues the investi- 
gation of the respiration rates of Piitia roots was undertaken. As 
Pistia grows in ponds it was easy to find out th<^ (‘.’(ta oiitjiut and ()^ 
intake of these roots without damage. Tlie top green jiorlion was 
removed from the lower portion with roots wJiieh was t hen plaw d 
in a beaker of water in the sun for about 2 hours. It was then well 
washed and placed in a respiration chamber. The estimations of 
dissolved CO., and O., were made by Winkler’s metliod as impro\ ed 
by Pal. ■ “ 

The results are given in a tabulated form below. 

Table I 


Time 

COo 

output 
per hoiH* 
mgnis. 

1 

CO 2 

per 

hours 
mg ms. 

! 

O 2 

intake 
per hour 
mgrns. 

O 2 

per 

0 

lioins 
nigni'. 1 

1 VO^ 

1 . "i).r 

1 after 

; eoin*e:s’ei« 

from 

woiulii to 
voltiuie 

9^30--10-30 A.M. 

[ 

i 1 *r>a 

5-07 1 

1 1 *17 

, 3*5! 1 

] -05 

12-5 — 1-15 p.M. 

1 -m 

■ 5-07 i 

i 

1 *3 

3 -0 1 

(MM 

3-0 — 4-0 p.M. 

i •%) 

■^5^07 j 

■ 1 *26 . 

3 *78 1 

■i 

t -03 


From the table one finds that the respiration is low being about 
5 mg. COo per gm. dry w'eight per 3 hours which is about the same 
as the protoplasmic respiration of green tissues at 3r>' C. Another 
significant feature is the total absence of the floating pari of respira- 
tion, there being no evidence of a fall with time, evmi tliough the 
roots were previously exposed to sun light for two hours. 

Discussion op the Eesults 

Photochemical reactions aecoiding to Hidmholtz cun be 
divided into two main groups, nm., (1) in which light aec-elerate.s a 
transformation whieh takes place in the dark ami lienee there is a 
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diminutioB, of free energy, (2) in which light causes a reaction to 
take place and thus light snpplies the necessary energy. 

The reactions in the first case are exoenergeiie reaction — such 
reactions are capable of giving out energy. In the second case 
they are endoenergetiCy and here there is an increment of free energy. 
In plants the well-known case of endoenergetic reaction is carbon 
assimilation. We have to see whether the respiration of the tissues 
can in any way be a photochemical reaction of the exoenergetic 
type. For this purpose we have studied the problem from four 
different angles, w., 

(1) The floating part of the respiration. 

(2) The respiration of non-green but coloured part of plants 

in light. 

(3) The after-effect of light on respiration. 

(4) The effect of temperature and light upon respiration. 

The first three of these have been dealt with else where by the 
author® when the idea of photochemical reaction for respiration 
was first conceived. Here we shall deal with these only succinctly 
in the light of work done subsequently to lead us on .easily to the 
understanding of the temperature and light effect upon respiration. 

1. The ^ Floating^ Part of Bespiration 
(a) The Photochemical Stage . — 

Most plants, respiring in darkness, show a logarithmic type of 
fall in the respiration rates when brought from light to darkness. 
This unstable transitory phase is noticed only at the initial stages 
of respiration and is called the ^ floating ’ part of respiration by 
Blackman. This is followed by the protoplasmic respiration, rate 
of Blackman^s which is the lowest plane of respiration reached in 
darkness. 

That starvation is definitely not responsible for the immediate 
fall in the ^floating’ part of the respiration ciiiwe, is shown by 
Banjan® for Mangifera and Eugenia leaves. Naturally the leaves 
of these plants possess enough food material in reserve to maintain 
a high rate of respiration for weeks. 

Physiological starvation, however, which can be brought about 
by high temperature due to the change in the starch-sugar balance, 
is ^vell knowm. But our laboratory temperature of 35° 0 was, if 
anything, less than the temperature at noon in the open under a 
blazing sun. Thus physiological starvation too will not exjdain 
the fall ill the respiration rate. 

In the case of starchy leaves of Angiosperms it is generally 
noted, that though there is a slight fall of the monosaccharides 
during the ^ floating ^ part of respiration, there is still enough sugar 
to maintain the respiration at a high rate. 

Thus the fall in the respiration rate, which is generally always 
noticed no sooner than the leaves are brought from light to darkness, 
may be due to the direct effect of solar radiations on some stage of 
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plant respiration. That being, so, we must' tlieii assume that along 
with the pure chemical or thermal. -change there is also a cllstiiict 
photochemical stage in respiration. 

(b) The Besfiration Bate of Boots 

The respiration rate of the Pistia roots confirm the belich' that 
the protoplasmic respiration is nothing else but the resf)iraiion rate 
in darkness. From Table I, one finds that the respiration rate, is 
about 5 mg. CO.^ per gr. dry weight per 3 hours. This eor;r(‘spoiids 
to the protoplasmic respiration of the Pistia shoots at ;.>5" it One 
notices also in the case of the respiration of the roots that.lhe}*e is no 
fall in the successive respiration readings. Now, as protoplasmic 
respiration, in the case of green leaveSj is the final ami the. real 
respiration rate in darkness, there can be no further fall. In llie 
case of the roots, as they possess no chlorophyll, tiuo-e can ho no 
photo-oxidation and hence the ^ floating ^ part of respiration is 
totally absent. 

2. The Bespimtion of the Fon'Green Leaves in Light 
{ay The Photochemical Oxidation in the Yellow Leaves of (h*oton : — 

The study of the photochemical effect upon I'cspiraiicm of 
colourless excised leaves of Groton (Ranjan^^) further supports the 
view of the photochemical activation of the reacting molt*eiiles in 
respiration. Some varieties of Groton leaves are more or less colour- 
less having just a tint of yellow. These were selected for exiieri- 
mentation. Their respiration rate showed, at the floating ]jart, 
the same type of fall as has been described in the. preceding pagers. 
When they were lighted from a 1000 w. lamp the respirati^m rate 
actually showed distinct increase throughout tlie period tliat the* 
leaf was in light. On removing the source of light the respiral iim 
rate fell olf to assume the rate of respiration in darkrH*ss. 

This rise in respiration, which is graphically represented b}? 
Mg. 5, can be due only to the catalysing action of light, for the 
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primary pliotoclieniicai effect is to activate tlie reacting molecules. 
These suhseqnently decompose or react with otlier molecules. The 
increased activation of the molecules naturally brings about an 
increase in the successive steps leading to the ultimate production 
of CO, andHaO. 

(b) The Pole of the Yellow Pigments : — 

One must note liere that there was no increase in the respiration 
rate when roots were exposed to light. The reason being that the 
roots were unable to absorb the necessary radiant energy required 
for activation purposes. On the other hand the yellow pigments 
in the Groton leaves absorb the solar radiations for the utilization 
in the oxidative processes. It is thus possible that the role of the 
yellow i)igmeiits in a green leaf is only to help the maintenance of 
a high respiration raie in light. The yellow pigments absorb the 
chemically active rays, which may directly be responsible for the 
high respiration rate. Further work in the elucidation of this 
problem is in progress. 

3. The After-Effect of light 

{a) A Comparison of the After-Effect tvith Floating Bespiration : — 

The study of Figs. 1, 2, 3 and 4 show that CO, given out 
decreases rapidly in light due, obviously, to its being assimilated. 
We must remember however that the current of air previous to 
entering the leaf chamber is deprived of all the CO,. So that the 
only assimilation in light is the assimilation of the resi^ired CO,. 
Thus towards the end of the light period, the maximum carbo- 
hydrate formed will be the amount broken down in respiration i.e., 
the carbohydrate at the end of light will be the same as at the 
begiiming. Thus it is natural to suppose that the respiration rate 
at the end of light will start at the same plane as at the beginning. 
Fig. 6 shows the respiration values from light to darkness. On 
analysing it appears that : — • 

(1) The respiration rate in each case except B” rapidly 
mounts up and reaches a maximum which is considerably above the 
respiration rate previous to giving light. 

(2) The respiration rate in each case except after reach- 

ing a maximum again rapidly climbs dowui. 

From this one concludes that in light the respiration rate is 
high, but due to assiinilation of the respired CO, its true rate is 
masked. The high rate is noticed soon after light. In darkness, 
how^ever, the respiration rate rapidly cliinbs dowm. Only by mani- 
pulations of the respiration' curves backwards to the time when 
light wus switched off, or to the zero hour of darkness, one arrives 
at the real initial respiration values in light. Due to complexities 
in the diffusion of CO, and to the unavoidable experimental difficul- 
ties it is impossible to get at once the full effect of light. The 
curved lines marked A indicates the possible respiration rate in 
light and its downward path in darkness. A comparison of these 
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curves with the floating of the curves in Figs. 1 ami 2 shows a 
striking similarity of the two. In other words ora* may say (liaf t he 
respiration rate after liglit is really synonymous witli ^M lie floating 
part of respiration ’h 

(^) AnalytiG Study of CO., Umimon in Light :• — 

Coming to the actual CO^ emission in light llic p'ree(*ding 
figuxes show that it drops to a miniimim after some Imurs. Tlu^re- 
after it augments slightly in light (see Fig. 0). Tliis hraliona! 
behaviour, though at first a])peanng rather queer, is (*xpluiut*(I on 
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the assumption that the respiration rate is at a minimum in darkness. 
Naturally when light is supplied most of the 00^ of respiration gets 
assimilated^ and thus less of it diffuses out. In a constant light the 
assimilation rate keeps constant. But however, in view of what 
has been said previously, respiration rate gradually increases in 
light so that more of CO^ remains unassimilated and this extra 
amount of CO^ will be given out. 

4. The BespiraUo7h Bate, ai Bijferent Temperatures, in Light 
{a) The After-Effect at Lifferent Temperatures : — 

The study of the after-effect of light is the best way to find out 
the respiration rate of a green tissue in light. Pig. 0 gives the after- 
efiects at different temperatures. 

The hypothetical curves A drawn back to the hour when light 
was cut off show that there is a progressive relative increase of respi- 
ration in light over the respiration rate in darkness as temperatures 
decrease. Thus at 40^ 0 it is 2, at 35® C 2-2, at 27® 0 2-7. This 
however does not hold good at 20® G where there is practically no 
relative increase, the corresponding figure here being unity. 

This change in the relative increase in repiration rate in the 
inverse proportion may be due to this that at higher temperatures 
the reacting molecules are already in an excited form ; and as there 
is a limit .to the number of molecules which can be thus excited, 
exposure to light has progressively lesser effect. Added to this, of 
course, at the high temperature of 40®0 is the time factor which 
becomes also operative. 

(h) Light acts not as a Catalyst 

According to some, light acts as a catalyst on a photosensitive 
reaction because, in exoenergetic phenomena, light simply accele- 
rates a process which otherwise goes on spontaneously in darkness. 
But light cannot act as a true catalyst, for a catalyst is not a source 
of energy. According to the law of Grottus-Draper In photo- 
chemical changes, light supplies the energy necessary for the activa- 
tion of molecules Thus when light acts upon a chemical system 
it always supplies energy to it. This is proved in the case of the 
respiration rates of yellow Croton lemes, which absorb light and this 
increases the respiration rate. The roots on the other hand are 
incapable of absorbing the radiations of the right type and so cannot 
increase their respiration rates. 

(c) The Bespiration Bate in Light at 20 • 5° 0 : — 

The respiration rate of leaves at 20*5° 0 is in many respects 
different from those at higher temperatures. The protoplasmic 
respiration keeps to the level of the protoplasmic respiration rates at 
SS"" 0 and iff’ 0 which temperatures are relatively high. This 
enhanced rate may be due to the altered starch-sugar equilibrium 
in favour of more sugar at lower temperature pointed out by many 
previous workers. The OOg emission in light is somewhat like the 
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previous experiments in the sense that at the end ol. 3 liours \i drops 
to a minimum and thereafter it progressively inerenscss. 

The after-effect of light, on the other hand, is dilTereiif from tin*, 
previous cases. The respiration rate qiiicldy mount ing up nsudies a 
maximum of 5-5 mg. GO^ which is maintained throughout, lh(‘ (*xpe!i- 
nieiit. This respiration" rate however is only slightly above*, the 
prelight value. 

The slight increase of respiration and its niaintenaiice at a 
constant rate shows that at this temperature light has v<*ry litlle 
effect upon it. Here the temperature is a distinctly limiting factor 
because the successive chains of reactions in respiration arc governed 
by both light and temperature. But when tlie temperature* is 
limiting light alone is incapable of activating the reactions. 

Summary 

Experiments were carried out on the resplixition of Pistm 
shoots and roots and the results have been reported. 

An analysis of the data presented shows that light iiiereases 
the rate of Fistia shoots and not of the roots. It has been pointed 
out that in the case of yellow Groton leaves also light has an accele- 
rating effect on the respiration rate. 

A study of the temperature eHect on respiration in light shows 
that, along with a ymre chemical or thermal stage, llimu is also a 
distinct photochemical stage in respiiation in liglit. This is proved 
by the fact that at 20° 0,, where the tennperatiire is liiiiitiiig lite 
rate of the reactions involved in respiration, light has pra<di<‘ally 
no effect. Wiiereas at 27° G., when teunpcratiire no iongci* liniils 
the reaction, there is maximum aeceh*ration by light. Beyond this 
temperature the rate of increase progressively dVer(*as(*s. [I h< acceh'- 
ration of the respiratioT} rate in light is dm* to Hie aefivalioi! of lln* 
reacting moiecules in liglit'. In Hu*, case of roots, due. to the 
of necessary pigments wliu'li can a])s<»rb radiiud enmgy, Ihm'o eon 
be. no plioto-oxuiation and lienee tliere is no ris(* of the respiratory 
rale ill light. The yellow pigments in the Cr(dfm leaves, on I he 
other hand, absorb the solar imllatioiis in. tlie. oxidativi* proc*e>s 
and tluis, possibly, hel'p the luainteiiaiice of a high rcasiiinitHm rate 
in;'.light. ..■■■■ 
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STUDIES IN THE APOCYNACE^*'*^ 

By M. Anantaswamy Eaxj 
D&jmrtment oj Botany, Central Colle j 3, Bitrijalore 

Eeceiyed for publication on July 20, 1910 
(Communicated by AI, A. Sainpathkumaran) 

A STUDY of the existing litexatuny as reYlewed by Sclmarf (1931) 
shows that the earliest reference to the family is found in the WDrk 
of Hofineister (1858). A few statements relating to the family are 
also found in the works of Vesquo (1878 and 79), Strasburger 
(1884), Pitzorno (1891) and Billings (1901). The first detailed 
account of the life-history of an Apocynaceous plant, however, is 
that of Frye and Blodgett (1905) on A'pocynum cmdroscmifoUum, 
Since then important contributions to the literature on the family 
have been made by Guignard (1917 a and b) and Axel Andersson 
(1931). Andersson’s work is the most comprehensive and, in a 
comparative account of the embryology of a number of plants, 
he has discussed the various aspects of their life -histories with 
reference to previous literature. An account of the development of 
microspores and the male gametophyte in species of Vinca is found 
in the works of Tiickholm and Soderberg (1918) and Finn (1928). 

Eecently Schilrhoff and Muller (1937) have published a cytc- 
logical account of the haploid generations in some European species 
of Apocynaeete ; according to them the basic number of chromosomes 
for the family is 8. Meyer’s (1938) account of the development of 
pollen and embryo- sacs in four species of Apocynaceai is the most 
recent contribution to the literature on the famil 3 ^ 

AIateeials AND Methods 

The present sttidy was undertaken with a view to investigate 
some of the speaes available locally. Those selected for study are 
Cerbera Odollam Gimtn,y Vallaris Heyneii Spreng., Ichnoearpus 
fruteseens E.Er., Wriglitia tinctoria E.Br., Garissa carandas Linn., 
Mid. .Funtnmia dastiea Stapf. The last named plant which yields 
the Eubber ” is a native of S. America and material was 

collected from a j)iant cultivated in the Government Botanical 
Gardens, Lal-Bagh, Bangalore. 

The materials for study were collected on bright sunny days 
and killed in Bonin’s fluid which gave satisfactory results. Dehydra- 
tion and imbedding were done in the customary manner. Sections 
wore cut at various thicknesses between 6 and 18 microns according 
to requirements. Heidenhain’s iron alum hamiatoxjdin was used 
for staining throughout the study. 

* Part of Tiiesis accepted for the Degree of Master of Science of the 
University of Alysore, 1938. 
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The Floweu 

The flowexs are ' aixaiiged In ..terminal ox axillary eyines. The 
inflorescence may ofte^ as in VallariH livijvni. 

The origin and development of the floral parts lahe ]>iaee in 
the usual manner. The sepals are the first to a]^pcar ['(allowed 
iater' hy, the petals and stamens. The two carpelled ovary is the 
last to ,appea.r. , , , , 

The Anther akb, Bevelofment ob’’ MicROHFOia-:^ 

The development of the anther and the formation of micro- 
spores have been studied in €irb€m Odollam^ and Vidlaris Jlrpnii, 

In the young anther, by a division of the hypocicrmal arclics- 
porium an outer primary parietal layer and an inner s])orogcnous 
layer are formed. The tapetumis derived from the primary paritdal 
layer. The tapetal cells later become conspienons but remain uni- 
nucleate throughout. In the young anther wall the wall lay<‘rs are 
two to three in number (Fig. 1). The endoMH^ciiun is not well 
defined in the old anther and the tapetal cells are found to possess 
prominent vacuoles (Fig. 2) hut when the microspores are separated 
the tapetal cells are completely disorganised. 

The meiotic divisions in the microspore mother cells ar(‘ normal 
and no irregularities have been observed (Figs. 5-9). At tiie meta- 
phase twenty bivalents can be counted in Cerhera Odolkun {¥ig^ 3) 
and ten in Vallaris Heyneii {¥ig. A). Ffo cell wall is formed between 
the two daughter nuclei after the first division and during the 
second division the two spindles may lie parallel or at right angles. 

The separation of microspores takes place by the formation of 
peripheral furrows (Fig. 10) which gradually extend towards tin* 
centre and thus separate the mierospores wdiieli arc found lying 
free in the cavity of the original mother coll Avail (Fig. ,1:1). 

Tims the development of microspores in tlic plants .Htticlied 
follows the simultaneous type. 

Development oe Ovule anb ME(ni8P0H0(n^:Nr:stm 

The dex^elopment of the ovule and the formation of tim mcga- 
spores liaAT* been followed in detail in Oerhem Odollam^ YalhuiH 
Heyneii, lehnocarptis fruiescem^ WrigMi^^ Unctoria, Ckoism vnmnduH 
and Funtumia elastioa. The ovary is tw^o car]K*IIc<l in all and in 
Cerhera Odollam, the two carpehs are free. A number of unicellular 
hairy outgrowths are seen on the stigma of WrighUa Uniioria 
(Fig. 12). 

In the two carpelled ovary each ovule takes its origin on the 
thick placenta as a nucellar prirnordiiim and soon gnjws in sizca 
The archesporium consisting usually of a single cell is difiVr<mtiated 
early in the hypodermal layer of the imcellus (Figs. 13-15). T1 h‘ 
single integument takes its origin early and soon grows over and 
covers the nucellus. The archesporial cell does not eut off any 
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FigvS. 1-12. Pig. 1. Vallaris Heyneii. — Section of young anther wall 
( X 450). Fig. 2. Cerhera OdoUam, — Tapetal cells ( X 450). Pig. 3* 
C. OdoUam. — -Metaphase plate ( X 1350). Pig. 4. V» Heyneii. — Metaphase 
plate ( X 1350). Figs. 5-8, C. OdoUam. — Stages in meiosis ( X 1350). 
Figs. 10 and 11. C. OdoUam. — Separation of microspores ( X 900). Fig. 
121 Wnghiia tmctoria. — Long. Section of ovary ( x 40). 

parietal cell but functions directly as the megaspore mother cell. 
The mother cell enlarges and is surrounded by a single epidermal 
layer of the nucellus (Fig. 14). The megaspore mother cell 
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iiiideigoes the usual two divisions giving rise to a linear row of megas 
pores (Pig. 16), A linear row of megaspores is foiind in all tl^e 
plants stiidied and this agrees with the previous observations of 
Guignard (1917) and Axel Andersson (1931). 

The upper three niegaspores degenerate in all cases and the 
chalazal megaspore develops into the embryo-sac (Pigs. 17 and 18 ). 

Development on THE Embhyo- Sac 

^ ^ the embryo-sac has been followed in all 

the six plants investigated. The develoiunent follows the usual 
type described for the majority of Angiospemis. The clialazal 
megaspore enlarges and its nucleus undergoes a division resulting 
in two nuclei which occupy the two poles of tlio sac (Pig. 19). 
A large vacuole is formed in the centre. The epidermal lay(‘r of 
the nucollus surrounding the embryo-sac generally breah's down at 
this stage thongh in Fmiumia eldstiea and Wrigldia tinclona^ the 
disintegration might start even earlier. This early disintegration 
of the nueellar epidermis has also been observed by Guignard (1917) 
who reports that in Apocynum cannahinmi the nueellar epidermis 
breaks down when all the megaspores of the linear tetrad are still 
living. 

The embryo-sac grows in size during the further stages. At 
the four-nucleate stage the remains of the disintegrated cells of the 
nueellar epidermis may be seen lining the embryo-sac as dark bits. 
The embryo-sac is now enclosed within the integument. The growing 
embryo-sac derives its nutrition from the cells of the integument 
adjoining the embryo-sac and also from the nueellar cells at the 
chalaza which are seen to possess rich contents. ]^5'o distinct integu- 
mentary tapetum is formed in any of the plants investigatcMl liere. 
Billings (1901) and Li^er (1913) reported that in A/nisoJiia s<dieifoKa, 
a distinct tapetum is formed by the imicrmost layer of the integu- 
ment. Axel Andersson (1931) also reports a similar w(*li-d<*fined 
tapetum in liliazya orientalis nndi Amsonia tabernermonimm. 

Wiiile in all cases the micropylar end of the embryo-Kac is fouml 
to be narrow and pointed, the clialazal end ma;y he narrow ami 
slightly bent as in Cerhera OioUamy or it may be broad as in Mino- 
carpus fruUscens and Garissa earandas. 

The fully organised embryo-sae is of the typical eiglit-nucJeaaie 
type with the egg apparatus^ two polar nuclei* and the three anti- 
podals (Pigs. 21-23). The egg apparatus consists of tlie two 
synergids and the egg. The synergids are very long in Valhirw 
Eeyneii and Garissa mrandas. In the former they almost rejuli tlui 
middle of the embryo- sac (Pig, 23). Such long s^mergids Iiave been, 
observed by Axel Andersson (1931) in Aeloeantlicra speetabilu. 
The synergids contain the usual basal vacuole. 

The two polar nuclei from the two ends of the embryo- sac 
meet about half way and are first seen together at the middle of 
the sac; They migrate towards the micropylar end and finally 




Figs. 13--23. Fig. 13. Vallaris Heyneii. — Archesporial cell. Fig. 14. 
Cerbera Odollam. — Megaspore ir other cell. Fig, 15. Ichnocarpus frutescens , — 
Mega,sx3ore mother cell. Fig. 16. Funlmnia elastica, — Linear tetrad ol 
megaspores. Figs. 17 and 18. Wrightia tinetoria, — Degeneration of upper 
three niegaspores. Fig. 19. C. Odollam. — Two nucleate embryo- sac. 
Fig. 20. C, Odollam. — Four nucleate embryo-sac. Figs. 21-23. Fully 
formed embryo-sacs of C. Odollam, Wrightia tinetoria and Vallaris Hey leii 
respectively. Figs. 13~1S { X 900). Figs. 19-21 ( X 400). Figs, 22 and 23 
( X 900). 
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oceupv a, pcMtion immediately below the egg. The polarB foBc 
in ValUris Heyneii, while in tlie Been to bo 

separate till a late stage and fiise just at the time of fertiliBati(?n. 
The fusion of the polar nuclei before fertilisation is comparati^n.dy 
rare among the plants studied by Axel Anderssoii (1931). According 
to him such a condition is seen only in isolated cases, as in AUamamla 
nereiifoUa and Vinca minor. 

The antipodals are ephemeral in all the plants examined. 
Earely do they remain conspicuous for a .long time. In Funtumia 
dastim and Wrighiia tineioria thej remain so for ^sometime but 
when the embryo-sac is ready for fertilisation they degtmeratc. 
Axel Andersson ' (1931) has also observed the early disorganiHation 
of the antipodals in the majority of the plants he sindicd. Oidy 
in Apocynim^ cannahinunt iXiiid RJia^y a orientalise he observed 
presence of living aritipodirls in the embryo- sac at tlie time of 
fertilisation. 

Abnokmal Ovules 

Though the presence of a single archesporial cell in the niicellus 
is the usual condition in the plants examined, instances were met 
with of ovules of Cerhera Odollam containing two megaspore mother 
cells, separated by a layer of nucellus (Pig. 24). Axel Andersson 
(1931) has also noted the presence of two inegasporc mother cells, 
in an ovule of Vinca minofe but without a partition layer of nucellus. 
In another case were seen two linear tetrads of mierospores separated 
by a layer of nucellus in CJeiberd Odollam (Fig, 2fy), 

The presence of more than one embryo- sac in an ovule has been 
seen in the ovules of Cerhera OdoUame lelmocarf us jrnteseens and 
Wriglitia tinotoria, A large number of such ovules with accessory 
embryo-sacs were found in Cerhera Odollam (Pigs. 26 and 27). Two 
fully developed sacs were met with sometimes (Pigs. 27 and 28). 
It was not possible, however, to find the subsequent fate of siieJi 
embryo-sacs. The entry of the x>olien tube into one of tlie emluyo- 
sacs was noticed in only one case in leMoearpus fruiescens. 

Degenerations in the Eiwbeyo-Sao 

Degeneration of the embryo- sacs seems to be common in some 
of the plants studied (Pigs. 29 and 30). Degeneration might set in 
at any stage of development. Pully organised em])ryo-saes werf.^ 
seen to degenerate in Vallaris Eepneii Icknoc^^^^^ frutcsccns 
(Pig. 30). The degeneration sets in first in the nucleus wliich gradu- 
ally loses its outline and stains deeply. The cytoplasm along with 
the nucleus also takes a dark stain and shrinks away from the wall. 
In later stages of degeneration dark masses are seen distributed 
in the embryo- sac. 

The Embryo 

The development of the embryo has been studied in Cerhera 
Odollam^ Carissa carandaSe nm\ Iclmomrptis frutesecHC, VallariH Hey m It 
and Funtumia elastiea are not knOAvn to x>roduce seeds in Bangalore. 
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of endosperm nuclei are formed bj tlie time tlie first division takes 
place in the embryo. The first -waill is transverse and a two-celled 
embryo results (Eigs. 31 and 39). Further divisions in the embryo 
take place by transverse walls and thus a proembryo consisting 
usually of a row of six cells is formed (Figs. 32-35 and 43). The 
first cell of the six-celled proembryo divides by a vertical wall 
(Figs. 35 and 44) followed by vertical walls in the next two cells 
(Fig. 36). The further divisions are irregular and many oblique 
walls are laid (Figs. 37 and 40). This results in a massive embryo 
with a long suspensor. The basal cell disintegrates after a time. 
The suspensor is uniformly broad and in a longitudinal section 
appears three or four seriate (Fig. 41) in Cerhem Odollam. In 
IcJinoGarptcs frutescens^ the suspensor is uni or biseriate and is also 
comparatively short (Figs. 45 and 46). The suspensor disintegrates 
in later stages. 

The late embryo consists of a short radicle and the stem tli3 
is present in a notch between the two thick cotyledons (Fig. 42). 

The Endospeem 

Endosperm formation begins long before the first division in 
the embryo takes place. A large number of free nuclei are formed 
and these arrange themselves peripherally in the embryo-sac. Wall 
formation begins in the endosperm when the embryo is three or four 
celled. Walls are first laid at the periphery and then towards the 
centre. In Carissa earanclas Ichnocarpus frutescens the embryo- 
sac, which is narrow and linear, is soon filled with endosperm cells. 
In later stages, due to ex'ensive growth of the embryo-sac, a large 
cavity is formed in the centre. In Cerhera Odollam the embryo- sac 
is very broad and a cavity is present from the beginning. The 
endosperm tissue is extensive allround the embryo while it is only 
a thin layer of cells along the periphery of the embryo- sac. 

Conclusions 

The development of the microspores in the plants studied 
follows the simultaneous type. The same has been reported for 
Vinca rosea by Tackbolm and Sodeiberg (1918) and for Ackocan- 
tliera speetahilis by xixel Andersson (193i). The simultaneous typo 
is also noted in many of the species investigated recently by Sehtlrhoff 
and Miiller (1937) and by Meyer (1938). The successive type has 
been observed in some species studied by previous workers. As 
both the types are present in the plants belongirg to the family 
no taxonomic significance can be attached for the occurrence of 
either mode of division. According to Meyer (1988), both the types 
are found in llauwolfia canescens. She states, however, that the 
separation of microspores takes place by the formation of cell 
plates. 

Eegarding the occurrence of accessory embryo-sacs in an ovule 
the possibilities are that the extra embryo-sacs are derived either 
from megaspores belonging to different tetrads or from megaspores 
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beloiigiiig tO: ::th'e tetrad. NnmerotiB iBstances are reeorcic'd 
'of the: presence, of' iiialtiple'e^^^ an ovule by ]a‘evioBs 

investigators and siicli a feature is imially associated villi a Irybrid 
origin of tlie plant or it is due to polyploidy. Tla^ presence of 
accessory embryo- sacs, for example in Almis mgom {Woodvorlli, 
1930) aiid in lAjehnis alba x L. floscocuU (Compton, 1912) are atlri- 
buted to the hybrid origin of the plants concerned. ITiirst< (193:i) 
fouiid in certain diploid aiid polyploid species of Eom, ovules with 
a number of embryo-sacs. No evolutional significance ean, ]i(nve\’(M’, 
be, attached for the oceuiTence of this: feature. , ' 

■" S'UMMAEY 

The present investigation includes an embryologieal account 
of Cerber a Odolhm Gaertn., Vallaris Eeyneii Sprtuig., Ichnomrjms 
JmUscem R.Br., Wnghtia iinetoria E. Br., Cmism eammlm Linn, 
and Fmtumia elastiea Stapf . 

In the anther the liypodermal archesporium gives rise to the 
singie layer of sporogenous cells and the primary parietal layer. 
The tapetiim is derived from the latter. 

Chromosome numbers have been determined for Cerhera Odollam 
and Vallaris Heyneii, The haploid numbers are 20 and 10 respe^e- 
lively. Separation of microspores follows the simultaiieoiis type 
and is effected by qiiadripartition furrows; 

A single archesporial cell in the h^'podermal layer of tlie mieelluB 
becomes directly the megaspore mother cell without cutting oil any 
parietal cell. The chalazal megaspore of the linear tetrad develops 
into the embryo- sac. 

The development of the embryo-sac follows the normal typo. 
The single layer of iiucellar epidermis disorganises early. No dis- 
tinct tapetiim is formed around the embryo- sac, but the cells of the 
integument and the chalazal nucellar cells supply nutrition. 

Several abnormal ovules with accessory embryo-sacs have, been 
recorded in (Jerbera Odollam^ lehiocarptis fruteseens and Wrigklia 
tinctoria. 

The embryo development is uniform in the three plants investi- 
gated. A six-celled proembryo is fm.t formed wliich later diiba’- 
entiates into a siispensor and a massive embryo. 

In the late embryo the radicle is short and the stem tip is 
present in a notch between the two cotyledons. 

Endosperm is nuclear at the beginning, but cell formation 
takes place later mid proceeds in a centripetal manner. 

The writer wishes to express his gratitude to Dr. M. A. 
Sampathkumaran, Professor of Botany, University of Mysore, for 
kind guidance and encouragement dming the progress of tills work. 
He also wishes to express his appreciation of tlie aid extended 
by Mr. S. B. Kaiisik at various stages during the course of this 
study. 
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Inteobijctiok 

The earliest embryological contributions on the family Verbenacese 
are by Treiib (1883) and Hofmeister (1858), dealing with the develop- 
ment of the endosperm and haustoria in Verbena offieinalis. Several 
other species of Verbena were studied by Kanda (1920) who reported 
a Helobiales-type of endosperm in that genus. Dahlgren (1923) 
is highly sceptical in regard to the accuracy of this statement and 
Schnarfs (1925) account of Verbena officmalis reveals that the 
endosperm is really cellular. According to Karsten (1891) the 
development of the embryo-sac in Avicennia officinalis is of the 
Maheshwari (1937) feels that this needs reinvesti- 
gation. Schwencke (1931) observes that in the endosperm develop- 
ment of Verbena the sequence of wall-formation is variable and 
stresses the need for further work on tropical members of the family.’ 
More recently Junell (1934) and Patermann (1935) have made an 
extensive study of the family including several species of Lantana 
and StaeliytarpJieta. 

Material AND Methods 

The material was collected in fields near Bangalore and fixed 
on bright days between 10 a.m. and 2 p.m. Satisfactory results 
were obtained by using Bonin’s fluid with 10% more of glacial acetic 
acid than is provided in the usual formula. Fixation in acetic 
alcohol with equal parts of absolute alcohol and glacial acetic acid 
gave fair results. Junell (1934) mentions that some difficulty was 
experienced during fixation. While the present material did not 
give any such trouble, difficulty was experienced in sectioning the 
fruits on account of their hard endocarp. The sections varied 
in thickness from 8 ^ to 10 ^ for the earlier stages and up to 16 /x for 
the development of endosperm and embryo. All the sections were 
stained in Heidenhain’s iron-alum ha^matoxylin. 

Lantana indiea BiOxb. 

Embryo-bac. — The ovary is bilocular with a single ovule in 
each locule. The nucellus arises as an outgrowth of cells on the 
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placenta and is provided with a single massive integument. The 
liypodermal arcliesporial cell functions directly as the megaspore- 
mother cell. A linear tetrad of megaspores is formed hy the divi- 
sions of the mother cell and the chalazal megaspore develops into 
the embryo-sac, while the three upper ones degenerate (Fig. 2). 
The tendency for all the megaspores to develop further, as observed 
by Junell (1931, p. 36) in Lantana and L. was 

found to be very rare in my material. 

The functioning megaspore enlarges and further development 
proceeds along normal lines. From the four-nucleate condition 
onwards some of the cells at the chalazal region of the embryo-sac 
show a tendency to collapse and their contents take a dark stain. 
This appears to be due to the activity of the developing embryo-sac. 

Even before the complete organisation of the egg-apparatus, 
the three antipodal cells increase in size and begin to take a deeper 
stain (Fig. 3). The nucleus undergoes some mitotic divisions so that 
each antipodal cell becomes three- to six-nucleate. As further 
enlargement proceeds, the chalazal end becomes tapering, and shows 
cytoplasmic striations similar to those seen in synergids, while a 
vacuole develops in the broad upper portion (Figs. 4 & 5). Thus, 
the three enlarged multinucleate antipodal s logether seem to form 
a very aggressive haustorium. Finger-like protrusions directed 
from them enter the chalazal tissue and their activity is clearly 
indicated by the degenerating cells of that region. At the time of 
fertilization there is a decrease in the number of nuclei in this anti- 
podal apparatus owing to a degeneration of some of them (Fig. 6). 
The limiting membrane of each antipodal cell, which is clearly seen 
during the earlier stages also disappears at the time of fertilization. 
“In the mature embryo-sac the two polar nuclei lie in close proximity, 
and at its chalazal end is seen the antipodal haustorium whieh 
persists till late at the time of seed formation (Fig. 12). 

The emhryo-sac as a whole is invested by the integuinejiiary 
tapetum which shows its maximum activity just before the organ- 
isation of the antipodal haustorium (Fig. 3), and double fertilization 
takes place normally. The polar nuclei fuse just before fertiliza- 
tion (Fig. 6). 

Embryo.— The divisions in the fertilised egg are deiayed until 
the organisation of the haustoria and the development of the endo- 
sperm. The first division is transverse and separates the primary 
suspensor cell from the embryonal cell. By further divisions the 
former produces a long suspensor of six to eight cells Avhich thrusts 
the embryo deep into the endosperm. The first and the second 
divisions in the embryonal cell are vertical and the third is transverse. 
The further development of the embryo is normal (Figs. 13-15). 

Eindobperm.- — The first division of the primary endospe^rm 
nucleus is followed by a transverse wall. The next division is longi- 
tudinal and takes place first in the micropylar chamber and later 
in the chalazal (Figs. 8 & 9). A transverse division in the tw'o miero- 
pylar cells thus formed results in the separation of a micropylar tier 
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Figs. I "lO. iMYilaiia indicayRo^lo, — Fig. 1. ]\Iegaspore-molher cell 
( X 100). Pig. 2. Linear tetrad of megaspores ( x 4S0). Pigs. 3-5, Stages 
in the organisation of the eight-nucleate embryo-sac and the. formation of 
the antipodal haustorium ( X 365). Pig. 6. Fertilization { X 160). Fig. 7. 
Enlarged view of the antipodal liaiistoriiim ( x 365). Fig. 8. First and 
second divisions of the primary endosperm niicleus ( X 320). Fig. 9. Deve- 
lopment of tlie endosperm and differentiation of micropylar haustorium 
( X 320). {a) Micropylar haustoiium, {h and c) Endosperm, {d) Antipodal 

haustorium. Fig. 10. Sequence of divisions in the primary endosperm 
nucleus (diagrammatic representation). 
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from tlie inner tier and it is from the latter tiiat tlie endosperni 
develops (Fig. 10)., " 

IlAijSToniA.— The mieropylar tier develops into tvyrn imi-nucleate 
haiistorial cells. These are simple and only mildly aggressive. 
This may perhaps be correlated with the organization of a veiy 
efficient 'haiistorial apparatus at the other end of the embryo-sac 
(Figs.. 8 & 9). 

The chalazal cell separated by the first division of the xjrimaiy 
endosperm nucleus gives rise by divisions to a mass of cells which 
connects the antipodal haustorium with the endospeim. These 
cells are smaller and stain more deeply than the endosperm cells 
above and have presumably a conducting function (Fig. 12). 

StacJi'ytarpJiGta indicaYoM 

Embuyo-sac. — Megaspore formation and development of the 
embryo-sac take place normally. In the mature embryo-sac the 
two polar nuclei unite to form the secondary nucleus (Fig. 16). Soon 
after fertilization the three antipodals degenerate. There is a 
conspicuous tapetal jacket investing the embryo-sac. During 
fertilization one of the synergids is destroyed by the pollen tube 
entering the^ embryo-sac. 

Embhyo. — The fertilised egg divides after the endospeim 
haustoria and the endosperm are formed. The development of the 
embryo corresponds to the normal type (Figs. 22-24). 

Endosperm. — The first division of the primary endospeim 
nucleus followed by a transverse wall results in the formation of the 
mieropylar and chalazal chambers. The mieropylar chamber 
divides vertically giving rise to two daughter cells from the micro- 
pylar tier. This former gives rise to the endosperm (Figs. 17 & 18). 

Halistoria. — Tile trvo cells of the mieropylar tier divide longi- 
tudinally and the four uni-nucleate cells form the mieropylar 
haustoria (Fig. 19). These are very aggressive and crescent-shajied 
with their outer margins exhibiting a serrated appearance. Pateiraartn 
(1935) reports that in Stacliytarpheta cayennensis and S. indka L,, 
the mieropylar haustorium is bi-nucleate, but this lias not been 
observed in the local species. According to Junell (1934) the 
number of mieropylar liaustorial cells in /S', dichotoma is four and in 
/S. angustifolia it is greater, thougli the exact number is not specified. 

The cells of the integument in the neighbourhood of the haustoria 
show reticulate thickenings of their walls, indicating a probable 
mechanical .ole (Fig. 20). 

The nucleus of the chalazal chamber divides and a bi-nueleate 
uni-cellular haustorium is organised (Fig. 21). Such a bi-nucIeate 
chalazal haustorium has also been observed in other species of 
BtacJhytarpJieta by Patermann (1935). 
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Figs. 11-15. Lankina indica Boxb. Pig, 11. L.S. showing the dcvo* 
lopment of endosperm and the antipodal liaiistorium ( X 160). Pig. 12. 
L.B. of an almost mature seed showing the embryo, endosperm and per- 
sistent antipodal hanstoiium ( X 65). Pigs. 13-15. Stages in the develop- 
ment of the embryo. Pigs. 13 and 14 ( X 320). Pig. 15 ( x 365). 

Pigs. 16-24. Stack ytarpheta indica VahL— Fig. 16. Mature embryo-sac 
(Xl60). Fig. 17. First dncl second divisions of the primary endosperm 
nucleus (x 160). Pigs. 18 and. 19. Organisation of the chalazal and 
micropylar hau^toria ( X 160). Pig. 20. Micropylar haustorium ( X 160). 
Pig. 21. Chalazal haustorium ( X 160). Pigs. 22-24. Stages in the develop- 
ment of the embryo. ' Pigs. 22 and 23 { X 320). Pig. 24 ( X 365). 
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Conclusions 

Tlie variations in the development of hanstoria observed in this 
family are briefly stated below 

Patermann (1935) reports that in Laniana trifoUa the tihme 
antipodals degenerate quite early. Though the earliest stage in 
the development of endosperm has not been observed, he finds 
that both the micropylar and ohalazal hanstoria are bi-mieleate. 
He also observes that while the micropylar hanstorinm is but feebly 
developed, the chalazal is very prominent and pierces the cells 
lying beneath it until it reaches the vascular traces of the fiiniciiius. 

In Laniana indiea Boxb., the hanstorinm at the chalazal eiid 
of the embryo-sac is composed of three enlarged innlti-micleatc 
antipodals. This is clearly indicated by the marked hypertrophy 
of these cells and the divisions of their nnchi even before the embryo- 
sac is mature. The fact that the chalazal haustorium is very 
conspicuous and already begins sending dowm processes even at the 
time of fertilization (Pig. 6), clearly indicates that it is not formed 
out of the endospain as reported by Patermann, but from the 
antipodals. 

The micropylar haustorium is of endospermal origin, but the 
two cells comprising it are uni-nucleate and not bi-niicleate as 
reported in other species, • 

A division of the antipodal cells with the conseciuent increase 
of their number has been reported by Misra (1939) in Cleroderndfron 
pUomidis. Jiuiell (1931, p. 179) also mentions that several of his 
preparations of gave the impression of an increase in the 

activity of the antipodals but he believes such appearances to he 
due to the presence of some persisting megaspores. In many cases 
he saw as many as 8 nuclei lying at the chalazal end of the embr^'O- 
sac. An increase in the. number of antipodal cells has also been 
reported by the same author in Feiraea volubilis. But no mention 
is made by these two authors of the role of the antipodals in the 
formation of the haustorium. hi Laniana indiea there is no cell 
division but only nuclear division. At the time of fertilization 
there is a reduction in the number of nucki owing to a degeneration 
of some of them ; and the separating membranes between the cells 
disappeaiV resulting in a single large cell. A very aggressive aud 
efficient nutritive organ is thus formed by the large persistent anti- 
podal haustorium with its chalazal lohations. This type of hausto- 
riiim has not been reported previously in Verhenaceaq although it is a 
couimon feature in members of the Composite. The chalazal chamber 
separated by the first division of the primary endosperrii nucleus 
does not develop into the usual chalazal haustorium but merely 
gives rise to a tissue concerned with transportation of nutritive 
materials from the haustorium to the endosperm. In Hacki^tar- 
conditions are different, for here the antipodals degenerate 
and it is the endosperm that is concerned with the formation of the 
bi-nucleate chalazal haustorium, as in many members helongiiig to 
the tribe Ehinantliese of the Scrophularinese (Schmid, 1906). 
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Summary 

1. In both Lantana indica Roxb., and Staeliytarpheta indica 
ValiL, the OYiile is anatropous and is provided Yrith a single massive 
integument. 

2. Megasporogenesis proceeds normally. Occasionally all the 
megaspores begin to develop in Lantana indica. 

3. In Stachytarpheti indica, the antipodals are ephemeral and 
degenerate shortly after fertilization, while in L. indica the 3 ^ become 
multi-nucleate and form an aggressive haustorium which sends 
down outgrowths into the chalazal tissue. 

4. In Lantana the micropylar haustorium is two-celled and the 
chalazal chamber contributes towards the formation of cells connect- 
ing the antipodal haustorium with the endosperm. In StacJiy- 
iarplieta indica the micropylar haustorium is composed of four uni- 
nucleate cells and the chalazal haustorium is bi-nucleate. 

5. The development of the embryo is of the normal type in 
both Lantana indica and Stachytarpheta indica. 

My grateful thanks are due to Dr. M. A. Sampathkumaran, M.A., 
nh.D., s.M. (Chicago), and Mr. C. Y. Krishna Iyengar, m.sc., under 
whose guidance this work has been carried out. I am indel)ted to 
Dr. P. Maheshwari, u.sc., f.n.i., of the Dacca University, for litera- 
ture and kind criticism. % 
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IntRORIJGTION 

The family ConyolYiilacese consists of 15 genera and 800 species, 
mostly twiners, occurring in the Tropics (Bentham and Hooker). 

The family has attracted the attention of plant morphologists 
and physiologists from a long time, on account of the peculiarities 
of nutrition in the parasitic species, as well as on account of other 
interesting features of development. 

The earliest investigator to study the structure of the pollen 
grains in the family was Strasburger- (1899), who described the pollen 
grains of the Convolyulacese to be spinescent. According to him, the 
structure of the pollen grains is after the manner of the Malvaceous 
type of construction. 


^‘Thesis submitted in partial fulhlment of the requirements for the 
M.Sc. Degree of the Mysore University, 1937. 
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Peters ( 1908 ) reported tlie presence of parietal cells in tlie 
iincellus of tlie ovules of Gonvolvidus and Guseuta, and tMs 'was 
seriously questioned by Bahlgren (1927). 

Beer (1011), in tbe course of his researclies on spore develop- 
ment in various plants, described the structure of the pollen grains 
of Ifomoea purpurea^ and concluded that Strasbiirger’s comparison 
was only superficial. According to Beer, the pollen grains of Ipomoea 
purpurea are spinescent with many exit pores. He described the 
origin and growth of the spines in the thick exiiie from the angles 
of a mesh-work of thickening bands. 

Macpherson (1921) studied the embryogeny of Guscuta and 
Convolvulus and found polyembryony in Convolvulus and the absence 
of cotyledonary development in Guscuta. She reported the first 
division of the fertilized egg to be transverse, further divisions 
giving rise to a large siispensor. 

Smith (1934) investigated the morphology and embryogeny 
in five species oi Guseuia. In Guscuta arvensiSy 'hQ> reported the 
first division of the fertilized egg to be transverse and the second 
division to be perpendicular to the first and occurring only in the 
basal cell. 

Mathur (1934) reported tlie presence of parietal cells in Con- 
volvulus arvensis. 

Datta (1936) reports a massive suspensor in Convolvulus tricolor. 
The sequence of divisions in the proembryo is not adequate in 
Datta^s account of Convolvulus tricolor. 

From this brief enumeration of the history of the subject, 
it is clear that there is a lot of conflicting opinion regarding the 
presence of parietal cells in the Gonvolvulacece. Information regard- 
ing embryogeny'is also incomplete. Besides, the cytoiogical aspect 
has received scant attention. 

The present investigation was, therefore, undertaken with 
a view to trace the course of sporogenesis, deve!opment of the 
gametophytes, embryogeny and cytology of five species of the 
Oonvolvulaceae. 

AIateuials ahb Methods 

1. Ipomoea Learii 

2. Ipomoeahederacea 

3. Ipomoea stapliylina 

4. Argyreia speeiosa 

5. Evolvuhis alsinoides 

These plants range from the giant creeper, Arr/fm a speeiosa^ 
to the small spreading herb, alsinoidesy tlm rest being 

intermediate in size. These are all found to fiower^ for the major 
part of the year except Argyreia speeiosa, which has a limited 
flowering period. 

Considerable difficulty was experienced during fixation due to 
the |)resence of latex in the tissues, A variety of fixatives was tried, 
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and tlie most satisfactory results were obtained witli Boilings fluid. 
Collections of the material were done between 10 A.M., and 3 p.m. 
during the months of July, August, September and October on 
bright warm sunny days. The dehydration, clearing and embedding 
were done in the usual manner. 

Sections were cut at yarious thicknesses ranging from six to 
twenty microns, and stained with one per cent Heidenhain^s iron 
alum heematoxylin, without any counter stain. 

Oeganogeny 

1. Ipomoea Learii 

2. Ipomoea stapJiylina 

3. Evolmlus alsinoides 

At an early stage, the rudiments of the flower make their 
appearances as protuberances in the axil of a single bract. The 
floral organs develop centripetally, the order of a|)pearance being 
Calyx, Corolla, Androecium and Gynoecium. 

MiCEOSPOROGEIsmSIS 

1. Ipomoea Learii 

2.. Ipomoea stapliylin% 

The young anther is a homogeneous mass of small cells enclosed 
by means of an epidermis. It becomes fore-lobed early and corres- 
ponding to each lobe, a plate of hypodermal archesporial cells is 
diflerentiated from the suxrounding cells. The archesporial cells 
are recognizable from the remaining cells by their dense cytoplasm, 
large size and affinity for stains. The archesporium undergoes 
a periclinal division giving rise to a primary parietal layer outside 
and a primary sporogenoiis layer inside. Subsequent periclinal 
divisions result in the formation of 3-5 layers of wall cells, in both 
Ipomoea Learii and Ipomoea staphylina. The outermost wall layer 
becomes the endothecium, while the innermost by elongation 
becomes the tapetum. Subsequent periclinal divisions result in the 
formation of four layers of wail cells. The middle layers lose their 
protoplasmic contents and become compressed at the time of the 
separation of the pollen grains. The tapetum becomes very conspi- 
cuous when the pollen mother cells are in the post-synizetic stages. 
During this time the tapetal cells enlarge and become multi-nucleate 
amitotically. Still later, when the tetrads are found enlarging, the 
tapetum consists of a layer of large cells of scanty cytoplasmic 
contents lining the wails of the loculi. 

Setcrotypie mitosis in the pollen mother ‘ cells , — The prima'^ y 
sporogenous cells enlarge greatly. They contain usually a single 
row of cells, but occasionally 2-3 layers are seen. The pollen mother 
cells a.re polygonal in shape, and the resting nucleus shows numer- 
ous chromatin threads which stain faintly (Figs. 1 and 14). Gradu- 
ally the leptotene threads arrange themselves by parallel approxi- 
mation. The nucleus shows a large nucleolus and one or more 




Pigs. 1-27. Murosporoqenesis : Pigs. 1-13. Ipomo'ia T^arii. Pig. 1. 
nesting nucleus ( x IGOO). Pig. 2. Opon spiremo ( x 2700). Pig. 3. 
Pachynonica ( X 2i00). Pig- 4. Late diplonr-ma { x 3000). Pig. 5. Dia- 
kmesis ( x 3600). Pig. 6. Tiipolar spindle ( x .3000). Pig. 7. . 'Metaphase 
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smaller ones. The parallelism of threads hecomes more evident 
during zygonema. Following zygonema, there is a gradual contrac- 
tion of the chromatin threads away from the nuclear niemhrane 
resulting in the synizetic knot. The large nucleolus is not involved 
in this contraction, while the smaller nucleolus seems to he included 
in the synizetic knot {Fig. 15). During synizesis the tapetal cells 
enlarge and contain dense cytoplasm (Fig. 11). Eecovery from 
synizesls results in the formation of looped pachynema threads which 
are found to he thick and distinctly double (Figs. 2, 3 and 16). The 
gradual shortening and twisting of the threads gives rise to the 
strepsinema stage. When the diplotene threads are organized, the 
nucleolus loses its stainahle reactions to some extent. During 
diplonema the chiasmata become less in iiumher due to terminai- 
ization (Fig. 4). At the close of diakinesis the nuclear membrane 
shows signs of fading and the nucleolus disappears (Figs. 5 and 20). 
In the ease of Ipomoea Learii fine threads are observed between the 
chromosome pairs. 

At this stage the tapetal cells are found to have 5-7 nuclei 
(Fig. 12). Some of the chromosomes in the mother cells are observed 
as univalents. This de-conjugation of the homologues is observed 
more frequently in the case of Ipomcea staphylina (Figs. 17, 18, 19 
and 20). Difference in size and form of the bivalents are pronounced 
in Ipomoea stapJiylina. Some are longer than the others. Frequent 
occurrence of non-pairing and precocity are presumably responsible 
for the subsequent sterility of the pollen grains in this plant. 

With the disappearance of the nuclear membrane a multipolar 
spindle is organised. It successively hecomes tripolar and bipolar 
(Figs. 6 and 7). Tbe bivalents are arranged at the equator of the 
bipolar spindle at tbe metapbase. In both Ipomoea Learii and 
Ipomoea sixteen bivalents are recognised (Figs. 8, 21 and 

22). Tbe univalents separate during anapbase and reaeb tbe poles 
in tbe normal way. In some cases precocity is observed (Fig. 23). 

■ During tbe meta- and anaphases, these spindles are invested 
by a dense perinuclear mantle of granulated cytoplasm in Ipomcea 
Learii (Fig. 7). Such a mantle is not observed in Ipomcea stapJiylina 
(Fig. 23). After tbe telophase the daughter nuclei axe reconstructed. 
There is a short interphase, at the end of which the homotypic 
division begins. Tbe spindles of tbe second division are either 


of 1st division showing the perinuclear zone ( x 2700). Fig. 8^^. Meta- 
phase plate (1st division) ( X 3600). Fig.. 85. Metaphase plate (1st division) 
( X 3600). Pig. 9. Tw’o metaphase spindles { X 2700). Fig, 10. Tetra- 
hedral arrangement ( x 1260). Fig. 11. Tapetal layer ( X 800). Fig. 12. 
Mnlti-nucleate tapetal cells { X 100). Fig. 13. Compressed layers and 
developed tapebim ( X 800). Pigs. 14--27. Ipomoea siaphylina. Fig. 14, 
A single microspore mother cell enlarged. Fig. 15. Synezesis ( X 2700), 
Fig. 16. Opening of the synezetic knot ( X 2700). Pigs. 17, 18, 19 and 
20?' Diakinetic stages ( X 2700), Figs. 21 and 22. Pola,r view- of meta- 
phase plate ( X 2700). Fig. 23. Metaphase with precocious chromosome. 
Pig. 24. The pollen tetrad ( X 1800).,, Fig. 25. Pollen grain of Ipomoea 
sfapM/Hna ( X 1200). Pig. 26. Pollen grain of EvoIvmIus alsinoides { X 1600). 
Fig, 27. Pollen grain of Argyreia speciosa ( x 800). 





miBRYOGENY IF GOFYOLVULAGE^ 


59 


parallel to eacli other (quadrate) are at right angles (decussate). 
Granular and cytoplasmic zones are observed to invest the liomctypic 
spindles too in Ipomoea Learii (Fig, 9). The chromosomes after 
reaching the poles reconstruct four daughter nuclei (Figs. 10 and 24). 
The microspores separate by furrowing. They are arranged in the 
tetrahedral shape in Ipomoea Learii^ while the diagonal aiTangement 
occurs in Ipomoea staphylina (Figs. 10 and 24). 

In the early stages of pollen grains the cytoplasm is observed 
in two distinct zones, an outer dense zone and an inner light zone. 
The outer zone presumably develops the thick and hard exin e. 
The thick exine forms a mesh- work of apertures. At the angles 
of these meshes spines develop (Fig. 25). The intine is a very thin 
membrane. The numerous apertures serve as exits for the pollen 
tube at the time of germination on the stigma. 

The pollen grains of Argyreia speciosa (Fig. 27) are of exactly 
the same structure with blunt short spines, but are very much 
larger in size than the pollen grains oi Ipomoea. In Ewlvulm the 
pollen grain is considerably smaller than the pollen grains in the 
other two genera, with a smooth exine (Fig. 26). The ratio of the 
sizes of the pollen grains of Evolviilus^ Ipomoea Argyreia, when 
calculated, approximates to : — 1:7 : 32 respectively. At the time 
of pollen dispersal, rarely three and commonly two nuclei are 
observed in the pollen grains. 

Megasporooenesis 

1. Ipomoea Learii 

2. Ipomoea stapJiylina 

3. Ipomoea hederacea 
A, Argyreia speciosa 

5. Evolvulus alsinoides 

The primordium of the ovule makes its appearance as a small 
knob-like protuberance. This increases in size by multiplication 
of the cells and becomes the nucellus of the ovule. By the time the 
nucellus becomes well differentiated, an annular growth begins to 
develop giving rise to the primordium of the single integument. 
The integument increases in size, becomes massive and over-arches 
the nucellus. The archesporium consists of a single cell, which is 
hypodermal and easily recognisable by its staining reactions, form 
and size, and by its nucleus (Fig. 28). The archesporial cell in 
Ipomoea Learii enlarges and by a transverse division contributes to 


parietal cells ( X 800). Fig. 30. Deep-seated megaspore mother cell ( x 800). 
Pig. 31. Chalazal megaspore enlarging ( X 900). Pig. 32. Eight-nucleate 
embryosac ( X 560). Pig. 33. Enlarged synirgids with nucleolar budding 
(X 1200). Pig. 34. Two-ceiled pro-embryo (X 1200). Pig. 35. Two- 
celled pro-embryo { X 1800)., Pig. 36. Three-cciled pro-embryo ( x 1800). 
Pig. 37. Pro-embryo ( X 1250). Pig, 38, Pro-embryo ( X 1200). Pig. 39. 
Pro-ernbryo ( X 1200). Pig, 40. Px'o-embryo. later stages ( x 1200). Pig. 
41. Embryo ( X 560). Pig. 42. Embryo ( x 560). Pig. 43. Embryo 
and suspensor ( X 240). Pig, 44. Embryo and suspensor ( X 240). 
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the formation of an upper primary parietal cell and a lower primary 
gporogenons cell. The primary parietal cell first divides radially 
into two (Fig. 29) and then again anticlinally and periclinally 
(Figs. 30 and 31). 

The sporogenous cell which functions as the megaspore mother 
cell becomes deep seated owing to the divisions and growth of the 
parietal cells (Fig. 31), The Sympetalse are in general character- 
ised by the absence of parietal cell formation, and it is very inter- 
esting to note the presence of the parietal tisme in Ipow^cea I/earii. 

In Ipomoea stapJiylina the archesporiarcell is hypodermal in 
origin and functions directly as the megaspore mother cell, without 
cutting off any parietal cells. In the case of Evolvnlus alsmoides 
also no parietal cells are present (Figs. 56 and 57). 

The megaspore mother cell undergoes the usual reduction divi- 
sion and gives rise to a linear tetrad of megaspores. 

The chalazal megaspore increases in size and develops into the 
embryo-sac, while the npper megaspores degenerate. 

Female gametopliyte . — ^The functioning megaspore, by three 
successive mitotic divisions, gives rise to the normal eight-nucleate 
embryo-sac (Figs. 32, 45, 58 and 65). The embryo-sac at the time 
of maturity is found to be greatly elongated occupying almost the 
entire length of the ovule. 

The egg-apparatus and polars are organised at the micropylar 
end in the normal way. The three antipodals degenerate very 
early. Only in the case of F volvulus they are prominent (Fig. 58). 

It is observed that the development of the embryo-sac is com- 
pleted long before the flower buds open. By the time the flower 
buds open, the egg-apparatus and polars are found to have consi- 
derably enlarged. The synergids project towards the microp^^le in 
the form of a beak-like extension. An interesting feature regarding 
the synergids is the nucleolar budding in Ipomoea Learii (Fig. 33). 

In Ipomoea Learii the nuclei of the synergids are 2-3 times 
larger than the egg-nucleus, even from the beginning. In Ipomoea 
stapliylina, the synergid-nuclei presumably resolve into chromo- 
somes, before the contents of the embryo-sac abort entirelv 
(Fig. 65). ■ - . ; 


Fig. 48. Emkryo ( X 120m. Fig. 49. Embryo with massive susi^ensor 
( X 500). Fig. 50. Sectiorrof the embryo with cotyledonary differentiation 
( X 240). Figs. 51--55. Anjyreia speciosa. — Fig. 51. Embryo suspensor 
ceil divided veitically. Fig. 52. Embryo. Fig. 53. The suspensor has 
developed much and consists of many cells. Fig. 54. Embryo. Fig. 55. 
The same enlarged ( X 400). Figs, 56-65. Evolvulus alsmoides. Fig. 56. 
Archesporial cell and integument initials ( x 1200). Fig, 57. Dyad of the 
megaspore ( X 1200). Fig. 58. Eight-nucleate embryo-sac ( X 900). Fig. 
59. Pro-embryo (two-ceiled) ( X 3600). Pig. 60. ‘Three-celled embryo 
( X 1800). Fig. 61. Pro-embryo (four-celled) ( x 2700). Fig. (32. Pro- 
embryo (eight-celled) ( X 1800). P’ig. 63. Embryo with suspensor ( x 1260). 
P'ig. 64. Embryo with suspensor (X 1800). Fig. 65. Abortive embryo 
sac of Ipom oea staphylina. 
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In I'pomoea Learii^ on the fun iole slightly helowthe level of the 
mici’opyle, a gToup of cells enlarges and mnltiplies. As develop- 
ineiit proceeds, this tissue increases and fills up the gap between 
the oarpeJlary wall and the micropylar region of the ovule. This 
nutritive tissue forms passage for the pollen tube at the time of 
fertilisation. The existence of a tissue of such a function is inter- 
esting. The pollen tube makes its entrance down the style, which 
is of the common solid type. 

Peutilization 

Fertilization takes place in the usual manner, the first male 
nucleus fusing with the egg, and the second with the polars. In 
the plants examined, the fusion of the polars is found to be delayed 
until the arrival of the second male nucleus. The two prlars and 
the male nucleus fuse almost simultaneously in Ipomoea Learii and 
Evolvulus alsinoides, 

Enbospeem 

The fertilized egg undergoes a period of rest before dividing, 
while the primary endosperm nucleus divides almost immediately. 
The divisions are free-nuclear. In Ipomoea Learii the endosperm 
nuclei are found gathering around the growing embryo. In the 
advanced stages, when the embryo attains the full size, only traces 
of endosperm tissue are observed, most of it having been used up 
by the embryo. In Argyreia speeiosa the fertilized egg seems to 
commence divisions without a period of rest. The first division 
of the fertilized egg occurs when the primary endosperm nucleus 
has undergone two or th^ee free nuclear divisions. As the embryo 
proceeds in development, the endosperm nuclei gather at the micro- 
pylar portion of the embryo-sac leaving a space below. Wall forma- 
tion takes place to form the endosperm tissue. 

Embbyogeny 

Ipomoea Learii j Ipomoea Jiederaeea, and Argyreia - speeiosa are 
observed to follow the same type of embryogeny while Bmlvulm', 
radically departs from them in this aspect. 

In the former group of plants, as a result of the first division 
in the transverse plane, the fertilized egg gives rise to a terminar 
cell towards the antipodal end, and a basal cell towards the micro- 
pyle (Pigs. 34 and 46). The second divmon is radial and occurs 
only in the basal cell (Pigs. 36 and 47). ♦ The terminal cell now 
divides by a transverse wall, so that the pro-embryo consists altoge- 
ther of four cells, two at the base, divided by a vertical iwall, and 
two at the tip separated by the transverse wall (Pigsl 37 and 47). 
The penultimate cell again divides by a vertical wall (Pigs. 37 and 
47). The embryo thus consists of two tiers of two cells each, with, 
a terminal cell towards the antipodal end. The terminal cell 
divides again by a transverse wall and the subterminal cell divides 
by a vertical wall, so that now the embryo consists of three tiers of 
two ceils each and a terminal cell (Pig. 38). 
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This sequence of transverse divisions in the temiinal cell and 
the vertical divisions in the resulting subterminal cell proceeds 
until the embryo is considerably elongated (Figs. 39, 48, 51 and 52). 
The basal group of cells undergoes divisions in all planes rapidly 
and enlarges (Figs. 40 and 53). After this stage, the sequence of 
further divisions cannot be traced with certainty. The terminal 
cell multiplies into a group of cells, which are small in size and rich 
in protoplasmic contents (Figs. 41, 42, 53, and 49). Difference in 
size and cytoplasmic contents differentiates these two groups of 
cells into the embryonal and suspensorial cells. 

In Ipomoea Learii, the suspensor is many celled and pyramidal 
in shape, holding the embryo pendant at the broader end (Fig. 43). 
The cells at the broader end of the suspensor are larger in size, while 
those at the narrow end towards the micropyle region, are small 
and rich in cytoplasm. These cells enlarge further penetrating into 
the micropylar portion of the ovule eating up the tissues around 
(Fig. 44). Finally, the suspensor acquires an oblong shape. The 
continued activity of the susirensor cells is for the first time reported 
in the Gonvolvulacece. • 

In Ipomoea hederacea the suspensor is a globular mass of uni- 
formly large cells (Fig. 49). The growth of the suspensor is definite 
in this plant unlike in the case of Ipo7noea Learii, 

In Argyreia speciosa, the suspensor is of no definite shape, but 
consists of many uniformly large cells (Fig. 54). The multiplying 
activity of the suspensorial mass of cells is short-lived, in this case 
also. In all these plants, the suspensor is haustorial in function. 

The embryogeny ot Evolmilns aZsmoides differs radically from 
the three plants described. It conforms to the Gapsella-tjpe in the 
early divisions. The first division of the fertilized egg is transverse 
giving rise to the two celled pro-embryo (Fig; 59). The terminal 
cell further undergoes transverse divisions, until the pi o-embryo 
becomes a filament of seven cells (Figs. 60, 61 and 62). The 
terminal cell then undergoes a vertical division, giving rise to two 
cells (Fig. 62). These cells further divide anticlinally and peri- 
clinally to give rise to the embryo proper. The basal cell, which 
remains undivided till the formation of a vertical wall in the termi- 
nal cell, now divides by a radial wall. In other cells also of the 
filamentous suspensor radial divisions occur (Fig. 63). The hypo- 
physis remeins without undergoing a vertical division. After the 
first vertical division in the basal cell of the suspensor, several 
divisions follow in all planes to give rise to a globular base. Bow 
the embryo assumes the shape of a dumb-bell (Fig, 64). 

The cotyledons and. the stem tip develop at the apical region, 
while the radicle develops at the base as usual. The origin of the 
stem tip is delayed in aU the plants exeept in Argyreia speciosa. 

Discussion 

The occurrence of sterility has been discovered in a number 
of plants and a nmnber of views have been put forward to account 
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for tins phenomenon. The factors that inflnence the fertility or 
sterility may he of a purely physiological and ecological, or cy to- 
logical and ' morphological character. That the climatic factors 
induce sterility both in pollen and in embryo-sacs has been shown 
by a mimber of investigators. 

Scliurlioft-"^ suggests that the pollen grains of EieJiliornia become 
sterile due to inclement climates. Martin^® observed ovular sterility 
and attributed it to moisture conditions. Stow^^^ considered that 
the sterility of pollen grains in many varieties of potato was brought 
about by high temperatures. According to him, chromosomal 
aberrations supervene at higher temperatures, whereas at lower 
temi3eratures normal reduction division occurs in the pollen mother 
cells. 

Cliromosornal aberrations and cytological disturbances during 
meiosis are also other factors that bring about sterility. These 
aberrations may be lagging, non-disjunction of the chromosomes or 
disturbance of the genic balance, according to Darlington.’ 

Eriansoni^^ finds that sterility in several Eoses is due to struc- 
tural h3hridity and fragmentation. 

In the species of Ipomoea staphylina studied, the present writer 
finds a high percentage of pollen grains to be morphologically 
sterile. This may be due to chromosome irregularities that occur 
frequently during the meiotic mitosis. These irregularities are 
deconjugation of the bivalents at diakinevsis and metapbase of the 
heterotypic division and fragmentation of the chromosomes. 

The recognitioii of the principle that the morphology of the 
pollen grain offers added support in tracing the ph^dogeny of Angio- 
sperins, has been responsible for the publication of a "number of 
papers on this aspect by several investigators. Wodehouse^® thinks 
that spinescent, multi-pored pollen grains are more advaneed than 
the round pollen grains with smooth exines and with few exit pores. 
On this basis the species of Ipomem have a more advanced type of 
pollen grains than Etohmhis, 

Megasporogemsis, — ^The general tendency among the Sympetahe 
is towards the suppression of the parietal tissue, so that the primary 
archesporial cell functions directly as the megaspore mother cell,. 
Exceptions have been reported with certaiiity, so far, only in the 
Cucurbitacese and the Plumbaginaeese. 

Peters (1909) reported the occurrence of parietal cell formation 
in Guscuta and Convolvulus. This observation was seiiously ques- 
tioned by Dalilgren,® who attributed the reported oceurrerice to be 
due to the sections being cut tangentially, 

Mathur^^ has recently (1935) reported the existence of parietal 
cells in Convolvulus arvensis, ■ * 

The present investigation shows that in Ipomcea Learii, contrary 
to the course of dcn^elopment among Sympetalse in general and the 
other si)eeies in particular j there is not only the formation of a 
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parietal cell, but tbe deYelopmeiit of a parietal tissue as ‘well. This 
is unique in Sympetalae, and in this aspect seems to he a reversion 
to the condition prevalent among the xirchichlamydese. 

8ynergids.—The formation of beak-like extensions in the 
synergids is a point of interest that has been reported in several 
plants. Such beak-like prolongations of the synergids are generally 
associated with long and narrow micropyles, and presumably help 
the passage of the pollen tubes. 

Smith^^ (1898) reported beaked synergids in and 

Conard^ found beak-like projections in the synergids of Quercus. 
Chamberlain (1897) found beaked synergids in Salw sp. 

Among monocotyledons Gymnadenia conopsea develops beaked 
synergids according to Ward.^’ The majority of Compositse investi- 
gated show a similar situation. Beaked synergids without a 
“ filiform apparatus have been observed inlpomoea Learii^ Ipomoea 
hederacea dbud Argyreia speeiosa and in all probability serve to 
assist the progress of the pollen tube. 

Another interesting feature which does not appear to. have 
been reported before is the nucleolar fragmentation in the nuclei of 
the synergids. The nucleoli bud out a number of fragments, which 
extrude into the plasma substance of the synergids. The exact 
significance of this is not clear, but this extrusion may be a prelude 
to the general disintegration of the synergids. 

Emhryogeny , — The embryogeny of the Convolvulaeese has been 
known but imperfectly. Hooker^^ reported the absence of cotyle- 
donary development in Guscuta, Macphersonis found polyembryony 
to be very common in Gonvolv'ulus, She observed that the fertilized 
egg divides by a transverse wall in the first division. The later 
development, according to her, appears to be the product of divi- 
sions in a number of planes and* in no fixed order, resulting in 
embryos of irregular forms. Smith, in a taxonomic and morpho- 
logical study of a number of J^Torth Carolinian species, found the 
first division of the fertilized egg to be transverse in Guseuta arven- 
sisj the resulting cells being of unequal size, and the second being 
perpendicular to the first, occurring in the basal cell only. In 
Guseuta rpstrata he reports that the first division is transverse as 
in Guseuta arvensis^ the subsequent divisions occurring in both the 
cells of the pro-embryo. 

The situation revealed by a study of species conforms 

to the course of development in Guseuta arvensis, so far as the first 
two divisions of the pro-embryo are concerned, ilfter this the 
trend of divisions differs almost radically and in no other case 
a similar kind of development has been reported before. 

The nearest approach to a similar type of development appears 
to be in the embryos of the Leguminosen, where the variation in 
the formation and differentiation of suspensor and embryo is very 
great according to Guignard.® The point of resemblance between 
the Leguminosese and Convolvulacege is however, superficial, because 
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tlie developmental details within the two families are quite different. 
In the tendency of developing a massive suspensor, haustorial in 
functiony the two are alike. 

The sequence of divisions in the pro-embryo, as -well as the 
origin and development of the multi-cellular suspensor in Bvolmlus 
alsinoidesj marks a total departure from the developmental details 
of the embryos, met with in the species of Ipomoea and Argyreia. 

In Ewlvulusy the first and the subsequent divisions of the 
fertilized egg are transverse and the pro-embryo is a filament of 
seven cells, unlike the type of Argyreia and Ipomoea* 

Among the allied families, close resemblance can be traced 
to a limited extent between the embryo development of Nolam 
prostrata (Datta) and Evolvulus alsinoides. Datta^ states that the 
first division of the fertilized egg is transverse and further trans- 
verse divisions give rise to a 6-celled filamentous pro-embryo. The 
embryogeny of Evolmihis parallels that of Nolam prosiraia only upto 
this stage. Further development differs largely. 

To nearly the same extent the embryo of Ewltmlus pMedleh the 
t*-;bryogeny of Myosotis hispida investigated by Soueges.^® 

The multiplication of the basal cell into a globular suspensorial 
mass after the first vertical division in the terminal cell is an inter- 
esting feature. A near approach to the same condition is suggested 
in the embryo of investigated by Bobbins and Borthwick.^^ 

Conclusion 

Ipomoea Learii, Ipomoea hederaoea, Ipomoea stapliyUna and 
reia speeiosa Bjie almost of the same size and habit as twiners. 
These closely agree in several morphological details also, and con- 
form to the same type of embryogeny. Further, they have large 
spinescent pollen grains, with a hard exine and numerous exit 
pores. 

Ewlvulus alsinoides j which is a very small spreading herb, 
not only differs widely in its vegetative characters, but also shows 
a number of morphological differences in having quite a different 
type of embryogeny and producing infinitely small pollen grains 
with a smooth exine and one or two exit pores. 

SUMMAEY 

1. Microsporogenesis ,' — 

(1) The innermost parietal layer becomes the tapetum. 

(2) The mode of chromosome pairing is parasynaptic. 

(3) Diakinetic de-conjugation has been observed in both Ipomoea 
Learii and Ipomoea staphylina hut is of more frequent occurrence 
in Ipomoea staphylina. 

(4) Sixteen bivalents are counted in the metaphasic plates of 
both Ipomoea Learii uudi Ipomoea stapliylina. 


; E3IBBJ0GENJ: IN GONVOLVULACNM , 67 

(5) Perinuclear zone inTests the heterotypic and homotypic 
spindles in Ipomo6<5& Learii, 

(6) The separation of the pollen grains is effected by furrowing. 

(7) The exine forms a thick mesh-work at the angles of which 
spines dcTelop in both Ipomoea species and in Argyreia speeiosa, 

(8) The pollen grains contain commonly two and rarely three 
nuclei at the time of shedding. 

2. Megasporogenesis.— r 

(9) A single massive integument develops and rapidly over- 
arches the small nucelhis. 

(10) In Ipomoea Learii the single hypodermal archesporial cell 
cuts off a primary parietal cell which divides further to foim a 
parietal tissue and the megaspore mother cell. 

In Ipomoea stapJiylina s^nd. Bvolmdus the archesporial cell is 
hypodermal in origin and directly functions as the megaspore 
mother cell. 

(11) The chalazal megaspore of the linear tetrad develops into 
the normal eight-nucleate embryo-sac. 

(12) The fusion of the two polars is delayed until the second 
male nucleus approaches them. 

(13) Syngamy is effected in the resting condition of the egg- 
nucleus and male nucleus. 

(14) The fertilized egg takes a short period of rest in Ipomoea 
Learii^ Ipomoea hederacea, and Lvolvulus alsinoides, wMle it Almost 
immediately commences to divide in Argyreia speciosa. 

(15) The embryogeny of Ipomoea Learii^ Ipomoea hederacea^ 

2 bnd. Argyreia speciosa is of one type, while the embryogeny of 
JEJtJoZwfe radically differs from the above. 

(16) The origin of the stem tip is slightly earlier in Argyreia 
than in the other plants described. 
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A METHOD FOR GERMINATING AND 
STAINING TELEUTOSPORES 

By M. J. Thirumalachar 
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(Commiinlcated by M. A. Sampatbkumaran) 

Received for publlcatioii ou August 12, 1940 

In studying the life-bistory of rusts, a good knowledge concerning 
the germination and cytological details of the teleutospore is Tery 
essential. Successful ge’ mination of teleutospore s has often been a 
difficult problem, as germ nation is determined by various factors 
like temperature, optimum moisture conditions, overwintering and 
others. 

Plowright^ germinated the teleutospoies by floating them on 
water in hanging drops. Owing to excess of moisture and low 
oxygen pressure in these cultures, teleutospores develop long, pro- 
mycelia, on which sterigmata develop into long slender branches, 
and basidiospores are produced only towards the surface of water. 
Similar phenomena have been reported in Puceinia graminis Pers., 
Uromyces fabce Pers., de Bary, Phragmidium ruhiAdmi (DO) Karst 
by Blackman, 1 in Puceinia Malvaeearum hj Puceinia 

graminis by Jaezewski.® Similarly Weimer reported^® that teleuto- 
spores of Gymnosporangium Juniperi Virginianccj Schw. produced 
long promycelia if teleutospores were immersed in water. Gccasion- 
ally in hanging drop cultures, in addition to abnormally long promy- 
celia, the ^sterigmata instead of developing basidiospores become 
long filamentous threads. 

Submerged spores do not germinate. If the moisture content 
is below the optimum requirement., germination is retarded after an 
initial development. Germination on water agar (15 gms. of agar, 
11. of distilled water) has been successfully used by recent investi- 
gators. Dunegan^ germinated over- wintered teleutospores of 
Tranzehelia pruni-spinosce^ with the water agar method. 

Spores germinated by means of these methods, cannot be fixed 
and stained easily. Blackman^ working on Gymnosporangium, and 
Colley^ on Gfonartium rihicola, placed host tissue containing tehu- 
tosori in moist chambers, for germination, then fixed and sectioned 
the mateiial after embedding in paraffin. This method cannot be 
adopted in cases where the host tissue is hard, forming cankers and 
tumours. Infection of the host tissue in moist chambers by sapro- 
phytic fungi inhibits spore germination. 

The celloidin method suggested by Hans Kniep for staining 
mycelia was also adopted by the 'writer. Germinating spores are 
placed on a slide, and, as far as possible, water is removed by means 
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of an absorbent. One per cent, celloidin in ether aleobol is poured 
over the material, and the slide is allowed to dry. Celloidin forms 
a thin film over the material, and fixes it to the slide. In the 
process of clearing in clove oil after staining, celloidin dissolves in 
clove oil, and therefore clearing must be done quickly. When the 
slides are transferred to xylol, celloidin hardens again. In slides 
prepared by this method, nuclear details are not brought out 
distinctly, because of the layer of celloidin over the material. 

A method followed by the writer for germinating and staining 
teleutospores of tJromyces hobsoni (Figs. 1 and la.), and Hapalo- 



Kg. Irt. Camera lucida drawing of tlie same telento.spoi*e showing 
binucleate baddiospores. X 620. . 

pJiragmium ponderosum Syd. (found on Acacia leucophlea), (Pigs. 
2 and 2a), has given good results, and is as follows A drop of 
steriledistilled wateris.placed on a clean slide to which teleutospores 
scraped from the material are added. By gentle spreading of the 
drop with a glass rod, a thin smear is obtained on the slide. The 
slide is then allow-ed to dry for a few minutes, and inverted over a 
dish of water. The surface of water should not come in contact with 
the slide, and the two are separated by a large space. 

After some time particles of water condense on the surface of 
the slide; thus affording conditions ideal for germiTndion. When 
drops of water are placed on the back of the slide, the film of -water 
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^ Mg. 2a. Camera lucida drawing showing the binucleate condition 
of 'basidiospores. X 520, 


is more readily condensed. The slides are frequently examined 
under the microscope and when large numbers of spores have 
germinated, the slides are transferred to a dish containing fixing 
solution. Ten per cent formalin water recommended by Chamber- 
lain,^ or Flemming’s fluid gives good results. The slides are washed, 
stained in Heidenhain’s iron-alnm hsematoxylin, with orange 
G or ( osin in clove oil as counterstain, and Anally sealed in balsam. 

The advantage of this method is, that geimination and staining 
of teleutospores is done on the slide itself. When the spores are 
mounted in sterile water and smeared on the slide, the spores get 
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firmly fixed to tlie slide, and do not get dislodged froiii tlie slide in 
the. process of staining. This method is a modification of smear 
technique of pollen mother cells described by La Conr.,® The spores 
are fixed to the slide before germination, and -will not entail any 
drying after the spores have geiminated. The fine particles of water 
condensed on the slide during germination, enclose large air spaces 
in between them. Consequently, excess of moisture and low 
oxygen pressure are avoided. This affords an optimum condition 
for germination. The slides are not overrun by contaminations 
from saprophytic fungi or bacteria. In the process of staining also 
the slides can be manipulated easily. 

By following this method the writer was able to gcnninate and 
stain jccidiospores and nredospores. The nuclear details are very 
conspicuously brought out (Figs. 3 and It is usual to germinate 



Fig'. 3a. Camera Iiickla drawing of the gcMmiinating aHridlosporo. 
X 520. ■ ■ 

secidiospores and uredospores on hanging drop cultures on slides, 
and no satisfactory method has so far heen suggested to fix and 
stain the germinating spores. Germination and staining rf spores 
of other fungi can be attempted by following this sinr])le tecimiqiie. 

In conclusion the writer wishes to acknowledge, his indebtedness 
to Dr. M. A. Sampathkuinaran^ M.A., nh.i>.,'S.M., Professor of Botany, 
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Central College, Bangalore, for helpful suggestion and encourage- 
ment in the course of this work. 
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EXPLANATION OP PLATE I 

Pig. 1. Photomicrograph of germinating teleutospore of XJromyces hohsoni 
Vize., showing three basidiospores. X 250. 

Pig. 2. Photomicrograx)h of triradiate teleutospore of Hapalophragmium 
ponderosum Syd., showing the germination of all the three 
teleutospores. X 300. 

Fig. 3. Gemiination of oscidiospore of Uromyces hohsoni Vize., showing 
the two-celled germ tube, each having two nuclei. The migra- 
tion of one of the two nuclei into the whip -like structxire, can 
be clearly made out. X 250. 
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SOME NEW PLANTS FROM INDIA 
AND BURMA 

By D. Chatterjee and S. K. Mukesjee 
Royal Botanic Garden, Sibpnr, Calcutta 
(Communicated by K. Biswas) 

Received for publication on July 20, 19i0 

1. Uvaria merguiensis Chatterjee, Sp. Not, (Anonaceje) 

Planta distincta ; habitu ab Uvaria macrophylla Eoxb. similis, 
sed ramis et foliis glaberrimis, floribus multo majoribns, pedicellis, 
longioribus bracteis angusto-lanceolaribiis, sepal a eloBgata, inter 
allia satis recedit. * 

A small tree, stem round, lenticellate rough, dark brown in 
colciur, glabrous in all parts except in flowers. Leaves shortly petioled 
coriaceous, elliptic, obtuse entire, rounded at the base ; midrib 
channelled throughout on the upper surface, prominently raised 
beneath, secondary nerves about 12 pairs distinct beneath ; lamina 
18 to 20 cm. long 9 cm. broad petiole stout, 7 to 8 mm. long. Flowers 
yellow 3 cm. in diameter ; fascicled on small axillary tubercles, 
rarely solitary; pedicel 2*5 to 3*5 cm. long with one lanceolate 
bract in the middle. Sepals 3, slightly connate at the base, broadly 
deltoid, valvate, densely tomentose, 12 mm. long, 10 mm. broad. 
Petals 6, biseriate, outer petals larger much expanded and hooded 
above, densely tomentose on both sides, glabrous near the base on 
the inner side. Stamens many, connective produced, truncate, 
torus somewhat convex densely pubescent. Carpels many free, 
linear oblong pubescent, style very short thick with a dark glabrous 
neck and a hairy crown. Fruit not seen. 

Burma — ^Mergui, Victoria point Po Kliant 11394 dated 

28th March 1930 (Type in Herb. Calcutta). 

The plant is distinct from almost all the Indian species of 
Uvaria. It resembles Uvaria macrophylla Eoxb. in shape and size 
of leaves, but differs widely in its much bigger flowers, long pedi- 
cels, elongated sepals and narrowly lanceolate bracts. 

2. Goniothalamus tavoyensis Chatterjee Sp. Eov. (Anonace.??:) 

Goniotlialamus subevenins King siinilis, sed foliis majoribus, 
apices longi acuminatis, nervi approximantibus 14-20 paribus, 
floribus et pedicelli brevioribiis bractae minoribus. sepala persis- 
tentibus, fruetus majoribus, inter allia satis distinguiter. 

A small tree ; branches terete dark- brown in colour, lenti- 
cellate somewhat wrinkled, glabrous throughout. Leaves coriaceous 
shortly petioled, elliptic or narrowly elliptic, long acuminate, 
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ext-ilz. ^ * Urarla imrgmnsis Chatterjee Sp. Nov. — A fiowedrig twig 
(reduced J nat. sixe) and dissection of flowers (jiatural). Siamons and 
carpel are shown magnified ( X 5). 





Fig. 2 
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Text-fig. 2. GoniotTtalamus iavoyensis Ch.sA>tQ:T]Qie Sp. Nov. — flowering 
twig (reduced i) and dissection of flower (natural). Stamen and carpel 
magnified ( X 15 and X 12 respectively). 
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margin entire revolute, base cuneate, glabrous on both surfaces, 
raidrib raised belowj channelled above thronghont ; main nerves 
14 to 20 pairs anastomosing near the margin, laniina 10 to 24 cm. 
long, 3*5 to 6-5 cm. broad, petiole stout 5 to 10 mm long. Flmvers 
small, solitary, axiilaiy rarely snpra-axillary, shortly pedicclled, 
bracts minute narrowly lanceolate, acute, pedicel 5 mm. long, 
stout. Sepals 3 free, valvate, deltoid ovate 4 mm. long glabrous, 
persistent in fruit. Petals 6 , biseriate, thick, subequal; outer whorl 
free ovate lanceolate, acuminate, rusty, 8 mm. long, 4 mm. broad 
at the base; inner whorl cohering to form a cone- like vaulted cap 
over the stamens and ovary. Stamens numerous, free, very short, 
filaments absent, connective produced to a pointed process about as 
long as the anther ; anthers lateral, elongate, 1-5 mm. in length 
with the produced connective. Carpel 7 to 8 free, narrowdy 
cylindrical glabrous, style elongated stigma spathulate ; ripe carpels 
shortly stalked 4 to 8, ellipsoidal, acutely hard pointed, 14 to 18 mm. 
long, 8 to 10mm. broad, glabrous; main stalk stout 9 to 15 min. 
long, secondary stalk 2 to 3 mm. long. Seeds solitary, white or 
light-yellow, shining 12 to 13 mm. long, slightly compressed. 

B(JEMA“Tavoy, Heinze Camp 550 m. P. P. Russel 2025 

(Type in Herb. Calc.), 2187 & 2199. 

This species was left undescribed among the Burmese sheets in 
the Herbarium. It resembles to a certain extent with G, subevenius 
King and G. tapis Miq. in the shape of its leaves, but differs distinctly 
in long acuminate, apices, smaller flowers, short pedicles, persistent 
sepals and larger ellipsoid fruit. 

3, Amalocalyx burmanicus Chatterjee Sp. Kov. (Apocynage/E) 

Affinis Amalocalyx mierolobus Pierre sed, foliis majoribus, 
obovatis, apice aciiminatis, basi cordatis, inflorescentis longo pedun- 
culatis, floribus majoribus, inter alia satis recedit. 

A climbing herb, growing generally on hedges : all parts densely 
and softly tomcntose with minute brown hairs, internodes rather 
long. Stem terete, ribbed, soft and fistular. Leaves shortly petioled, 
opposite, broadly obovate, cordate at the base, margin entire, apex 
cuspidately acuminate midrib grooved above, slightly raised below, 
main nerves 8 to 11 pairs anastomosing near the margin distinct 
below ; lamina soft and somewhat membranous, lower surface of the 
leaf always densely tonientose, specially so on the nerves; upper 
surface less hairy in older leaves ; lamina 11 to 20 cm. long, 5 to 14 
cm. broad; petiole 1-5 to 3 cm. long channelled above. Inflores- 
cence ; usually trichotomously branched cymes occurring in terminal 
or axillary branches, forming three groups at the end, (of 8 to 10, 
flowers in each group) ; bracts and bracteoles present, caducous, 
membranous, bracts, -5 to 1 cm. long, braodly ovate ; main peduncle 
10 to 15 cm. long secondary peduncles 2 -5 to 4 cm. long. Flowers 
regular bisexual dark red, Iioary outside, gamopetalous, pedicles 
slender 1 to 2-2 cm. long. tubular, eampanulate, connate 

at the base, sepals 5, lanceolate with obtuse apex, membranous 
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5 included^ epipetalous, filaments very sliort densely hairy, aniliers 
appendiciilate equal, sagittate, 4 mm. long, with long short filament. 
Carpels of 2 ovaries distinct, style about 12- mm. long., stigma 
cylindrical 2 mm. long, constricted at' the middle, apex conical and 
densely hairy, apices of anthers and stigma at the same level. 
Fruit and seed not seen. 

Buema — Shan Hills natik pap 1300 m. CoUett 734 (Type 
in Herb. Calcutta); Upper Burma, Frazer without number; 
Southern Shan States, Kengtung 1000 m. Jfc. Gregor 655. 

Zibingyi near Maymyo Plateau 650 m. J. H. Lace 6221. 

Yunnan— “ Henry 9565 at Kew Herb, agrees well with 
Collet 734 and probably represented this species — W. G. Craib, 
Hew. 

The disovery of this plant from Burma is interesting as a new 
record of the Indo-Chinese genus Amalocahjx as well as an addition 
to the hitherto monotypic genus. The four sheets in Herb. Calcutta 
are all in flowers and were first regarded as some species Chonemorpha. 
It was sent to Kew in 1913 with the remark , A small flowered 
Chonemorpha Sp. Is it at Kew under any name Late Professor 
W. G. Craib who compared these sheets at Kew, wrote back while 
returning the sheets as follows : — 

This I believe Amalocalyx microlohus Fiorm, but we have 
no type of that species but we have Pierre’s drawing which 
agree fairly with yours.” Since writing this note I have seen 
the type of A. microlobous Pierre and now regard CoUett ^ 
McGregor 555 as a new species of the genus ”—(Sd.) W. G. 
Craib, December 20, 13. 

I have compared the description and drawing of Amalocalyx 
microlobus [Lecomte Plor. Gen. Indo China, Part 3 (1922"-23)] 

and consider that Craib was right. This species is very much allied 
to the above but differs in larger leaves, longer peduncles, tricho- 
tomously branched cymes and much inflated corolla. 

4. Plectrauthus assamicus Mukerjee, Sp. Kov. (Labiat.®) 

P. melUsoides Benth. similis, sed foliis majoribus, regulariter, 
acute serratis, acuminatis, ad basi late fotundatis bractis conspi- 
cuiis, inter alia differt. 

Erect herb, stem quadrangular, grooved, minutely adpresscdly 
hairy. Leaves (lower not seen) opposite, petioled, broadly ovate, 
acuminate, serrate up to the middle from above, entire near the 
rounded base, sparsely hairy, glandular punctate ; lamina 4-4-5 cm. 
long, 2-2 *5 cm. broad; petiole slender, 3-5 mm. long. Cymes 
distant, on a lax-flowered, long, slender, erect raceme ; lower cymes 
axillary ; bracts foliaceous, shortly petioled, ovate, entire, 5-12‘'mm. 
long, 4-8 mm. broad ; pedicles slender as long as or longer than the 
fruiting calyx. ^ Calyx campanulate, 2 mm. long, puberulous, 
^dipped, upper lip 3-toothed, teeth acute, slightly recurved, lower lip 
longer than the upper, with 2 narrow acute teeth; fruiting calyx 
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4-5 mm.-, long, 3-'4 mni. -wide.: CWoWa 7-8 mm. long, tube sliort, 
broad, ’ gibbous at base; lower lip 4mm. long, upper sborter. 
.Stamens glabrous, upper pair ■longer, exseited. Stifle included. 

, Nutlets glohoBe, compressed, 1*5 mm. diam., deep brown, minutely 
-punctate or smooth. , 

Assam — Akha hill, Bor 1364. (Type in Herb. Cal.). 

The plant is quite distinct from the other species of Pleciraritlms, 
It bears some similarity to P. mellisoides Bentii. which is also con- 
fined to the hills of Assam. The two species resemble in the nature 
of their inflorescences and calyx but differ from each other in the 
shape and size of leaves and bracts. 

6. Nepta Duthiei Prain et Mukerjee Sp. Hov. 


(Labiate) 

Afflnis Nepeta spicaia Benth., sed folia cordata, apice rotundata 
pagina infeiiore floccosa, petiola valde brevipes, inter allia differet. 



Text-flg. f . ^ JSepcia Btdhiei Prain et Mukerjee 8p. Ncv. — A portion of 
the plant witli inflorescence (natural). Parts of flower shown seSuIy 
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Stout erect lierby upto 35 cm. higli. Stem more or less rounded 
puberiilous. petioled, slightly thick, broadly ovate cordate 

at the base obtuse margin erenate ; nerves prominent; upper 
surface densely and minutely tomentose slightly rugose, lower 
surface fiocose and white ; lamina 1-5 to 3 cm. long., 1 to 2-5 cm. 
broad ; petiole about 1 cm. long below smaller above rusty villous. 
Spilce demej terminal often with an isolated whorl below, about 
3-5 cm. long densely hairy with soft and glistening hairs; bracts 
membranous, ovate, apiculate about 5 to 7 mm. long 3 to 6 mm. 
broad. Galyoo 1 mm. long teeth narrow subulate plumose, larger, 
almost equalling the calyx tube. Corolla obout 12 mm. long tube 
exerted. included. Nuilets IS mm. long obvate smooth 

brown in colour. 

West Himalaya— Tihri-Oarhwal Euddec Ghere ka Gadh 

10-11000 ft., J. E. Duthie — 171, d. July 19, 83. (Type in Herb. 

Dchra Bun, co-type in Herb. Cal.) Kumaun, Ealain valley. 

12-13000 ft., J. E. Buthie 3304, d. August 23, 84. 

This species resembles Nepeta spicata Eenth. from which 
it is easily distinguished by the cordate leaves with floccose 
undersurface. It was previously named as Nepeta floccosa Benth. 
probably for the fioccose nature of its leaves, but could be easily 
separated by its distinctly different type of inflorescence. 

6. Nepeta Gilesii Mukerjee Sp. Nov. (LABiATiE) 

Aiflnis N. fioceosa Benth., sed ramis foliisque minorihus laze 
pubescentibus, florum verticelliis axilaribus difleret. 

Small fleshy herbs, erect or ascending, 7-15 cm. high, branching 
or not, floceosely woolly at younger parts. petioled, thick 

rhomboid or deltoid-ovate, rounded at apex, truncate or slightly 
cuneate at base, margin erenate or sinuate or subentire, laxly hairy 
wiih long white hairs on both smiaces specially when young, and 
densely so on the petiole ; lamina 5-15 mm. in diam., petiole 5-15 
mm. long ; nerves faint. Flowers few in axillary whorls at the ends 
of branches, whorls shortly peduncled ; bracts petioled, ovate or 
often linear, apiculate, cuneate at base, entire. Calyco glandular, 
5 mm. long, slightly enlarged in fruit, curved and with an oblique 
mouth, when young covered with a floccose wool disappearing 
afterwards ; teeth more than half the length of the tube, linear- 
subulate. Corolla 9 mm. long, pubescent ; tube slender dilated 
abruptly at base, limb short. Stamens included, upper pair 
inserted at the middle of the tube, lower pair a little below the mouth. 
Nutlets 2 mm. long, elliptic, compressed, brown in colour. 

West Himalaya — Gilgit Expedition (N. of Hindukush), 

Coll. Br. Giles, Eecd. through Mr. Buthie, Jan. 1887 (Type 

in Herb. Cal., co-type in Herb. Behra Bun.) 

This is a distinct species of the genus resembling N. floccesa 
Benth. by being floceosely hairy and also by the thick leaves. 
The two species can be readily distinguished by the type of 
inflorescence and also by the size of leaves etc. 
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Text-fig. 5. Nepeia Oilesii Mukerjee Sp. Nov, — A part of the plant 
(natural) and a dissected flower magnified { x 7), calyx ( x 8) and nutlet 
(X 0). 

7. Nepeta multicaulis Mukerjee Sp. Hoy. (LABiATiE) 

Ab affinis habitu Nepeia braeteata Benth., sed foliis basi cordatis, 
apiee rotundatis, bractis lanciolatibus et valde brevioribus distin- 
guiter. 

Small tufted herb, about 16 cm. high branches many from the 
base, ascending, slender, 4-angled, dark pinkish in colour, minutely 
puberulous. Leaves distant, lower long petioled, slightly thick, 
ovate, obtuse, cordate at the base, lobed at the margin, glabrous 
above, sparsely hairy below ; nerves sunk on the upper surface, 
glands very prominent below ; lamina 5 to 9 mm. long, 4 to 8 mm. 
broad ; petiole slender, puberulous, about 4 cm. long at the base 
upper smaller, almost none near the spikes. Flowers pedicelled, in 
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short compact villous spiJces terminating eacli branch, usually 
minute, 1“2 mm. long. Galyco 5 mm. long villous, calyx teeth 
aristate, smaller than the tube. Corolla 8 mm. long ; tube as long as 
calyx, included. Nutlets not seer}. 
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KW. India — ^Baltistan-Saltaro : valley^ little Thibet^ 

■ 1^0. 10266 A. G. Hunter-Weston, E.E., d. May 28, 90. {Type 

in Herb. Delira Dan). 

This species is allied to A*, bracteata Benth. in tlie general habit 
and the nature of inflorescence. , It differs from Ah hradeaia in 
having its leaves cordate at the base and ' rounded at the apex ; 
bracts much smaller and lanceolate. 

8. Nepeta paucifolia Alukerjee Sp. hfov. ■ (Labiate.) 

Plansta distincta. Flores ^ et infl,orescentis Nepeta eonnaia 
Eoyle ex Bth. de Nepeta linearis Eoyie ex Bth. sini lis, sed foliis 
brevioris ovatis obtuso serratis (specimina N, eomicda Eoyle at 
N. linearis Eoyle foliis angustioribus linearis vei lineaii'-lanceolatibus) 
interalia differet. 

Erect slender herb, about 30 cm. high, stem obtusely l-aTigled, 
minutely puberulous ; branches few. Leaves shortly petioleci or 
almost sessile, membranous, broadly ovate, smalku* leaves often 
obovate, obtuse, cuneate o? rounded at the bas{‘, morgin serrate, 
glabrous on both surface, with few scattered hairs on lh<^ nei-si's 
beneath ; lamina 2-5 to 3 cm. long 1 to 2*6 cm. broad, petiole 2 mm. 
long or shorter. Spikes short dense terminal ; bracts 2 at tlie base 
of the spike, linear lanceolate, acute and stipulate at the apex, 
entire or shortly toothed at the margin, 8 to 10 mm. long. ; 
bracteoles many filiform plumosely hairy. Calyw 9 mm. long 
densely pubescent with glistening hairs, calyx tube slightly curved 
outwards, teeth unequal, subulate largest 3 rnm. long. Corolla 
12 to 15 mm. long tube slender slightly longer than the calyx, 
limb expanded. Nutlets 1*5 mm. long obovate truncate at the 
top smooth dark brown in colour. 

KW. India— Baltistaii. Karpucha nublut (!) 11-12,000 ft. 

J. F. Duthie July, 9, 92, (Type in Herb. Debra Dun.) 

The plant is different from the other species of Kepeta. It 
approaches Nepeta eonnata Eo^de ex Bth. and Nepeta linearis Eoyle, 
ex Bth., as regards the character of the iniioreseenee and flowers, but 
differs from both in the character of the leaves. The lea^x^s are 
ovate and broadly serrated, in comparison with much elongated 
linear or linear-lanceolate leaves of N, eonnata and N, linearis, ^ 
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STUDIES ON THE PHOTOCHEMICAL ACTION 

IN PLANTS 

IL Photosynthesis in leaves at different temperatures 
By Shbi BAmAN 

Eeeeived for publication on August 30, 1940 

Introdtjction 

Ti£B study of photosyntbesis as related to temperature is an old 
theme and it would seem a little too daring to attemxit a new 
interpretation of such a relationship. But in view of certain 
observations on the effect of light on respiration made by the author 
the whole idea of photosynthetic rate has to be reconsidered. It is 
superfluous to refer to the vast amount of work already done on the 
subject and those interested in the historical part are referred to 
well-known text-books on the subject. 

Materials and Methods 

The experiments were conducted on excised leaves of Pugenia 
jambolana^ which were placed in a plant chamber made of brass 
with inlet and outlet tubes, having one of the surfaces made of 
glass which could be fitted on to a groove and sealed with wax. 
The dimensions of the plant chamber were ' 22- 5 cm. by 10 cm. 
Most of the inner space of the plant chamber was filled with wax in 
order to reduce the amount of space in it. The leaves were placed 
in the plant chamber, the petiole dipping in a few drops of water 
and then the plant chamber placed in a Hearson’s cool incubator 
maintained at a constant temperature either by ice and electricity, 
if it had to be kept below room temperature or, at higher than room 
temperature, by electricity alone. 

A current of OO 2 free air was passed through the plant 
chamber which then bubbled through a standard solution of 
Ba (OHjgpiacedinPettenkofer tubes. The current of air was switched 
on from one Pettenkofer tube to another every 2 hours by means of 
a clock-work and Blackman’s air current commutator. After a 
few hours of respiration, the plant chamber was exposed to light, 
the source of which was a 1500 watt Osram Bulb placed at a dist- 
ance of 1 ft. Light was passed through a rectangular jar t'' wide 
through which a current of cold water was circulated in order to 
check heat radiations- reaching the plant. During the period in 
light the plant chamber was supplied with 0-2% CO 2 instead of 
CO 2 free air. COg in bulk was prepared by the action of HCl on 
marble and stored in a gas cylinder. Eequisite quantity of this gas 
•was mixed with air before entering the plant chamber. Part of the 
air so mixed with CO 2 was also led directly by means of a Y-tube 
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to another set of Pettenkofer tubes and the .COg ' content of the 
cmTent estimated. After the period in light the, leaves were' again, 
allowed 'to re'spire in dark in GOg .free.. air. 

Gas Eegulatobs 

In order that the flow of gas through the experimental chamher 
.and through the .set of Pettenkofer tubes directly concerried, during 
the period in light, be exactly ec^ual the following device was used 
which proved highly satisfactory. A platform balance vas used. 
On each pan of the balance was placed a ■water container A 
Fig. 1 of EU'fficient capacity. The bottom of the container -pu'essed 



' ■ ■ -Fig. 1' 

against the glass rod of the gas regulator, the upper end of 

wdiich fitted into the lower end of the tube ^ Jong by 1" in 

diameter. The contact surfacevS of B and 0 were ground leaving 
a very minute groove' so that wmter could very slowly flow out when 
falJy closed, Fig. 2. The upper end of B wns connected with 
an outlet oi an aspirator. From the aspirators, water passed out 
of and collected in A ’h Any unequal collection of water 

in “ A disturbed the balance so that the platform on one side -w^as 
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raised up. This caused ** G ” to be pressed into ” and con- 
sequently the ground surfaces being separated a greater flow of water 
out of B took place. As this happened the amount of water in 



A ” was increased causing the platform of the balance to go down, 
so that C ” came to its originad position and the outflow of water 
decreased. While on the other platform of the balance the reyerse 
of this took place and the flow of water increased. By this device 
the amount of outflow of water from the aspirators could be kept 
fairly equal. By measurement it was found that differences not 
amounting to more than ± 1 c.c. per hour occurred in the amounts 
of water collected on each side. 

The respiration and assimilation rates were estimated every 
two hours at 20° C., 25° 0., 30° C.,. and 35° 0. 

Discussion of the Eesults 

Experiment No. 1 which is represented by Fig. 3 was carried 
out at 20° C. The respiration in both the control and experimental 
set followed a level course. Light and 0-2% COg was given after 
22 hours and the photosynthetie rate (i.e., the COo taken in by the 
leaves) marked A in the Fig, showed a fairly constant level. When 



04 


SBRl RAN JAN 



light and CO^ were remoyed, a slight after-effect on the respiration 
rate was noticed, CO^ emission started higher than the control and 
gradually fell off. The control set which was always in dark 
showed a slightly falling curve throughout. 

In experiments 2, 3 and 4 (Figs. 4, 5 and 6) the general plan of 
experimentation was the same as in experiment 1 except that the 
temperatures were kept at 25°. 30° and 35° C, revspectively. The 
general response of the plant in light and darkness was also very 
much the same. 

The trend of respiration curves at different temperatures and 
the effect of light on respiration has been discussed in a previous 
paper of this series.^ We are now concerned with the photo- 
synthetic rate and the effect of temperature on actual assimilation. 



Hoars 

Fig. 4 


^ Studies on tli8 photochemical action in plants. (1) The respira- 
tion of entire Plstia plants in light, Jo wn Ind. Bot, WiO, 
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,of CO 2 (marked A in Fig.) -was 1*6 mgni. CO 2 per 20 gm.' lioiir of 
leaves^ wkicli kept constant 'tlaronghont the time assimilation rate, 
was' measured. A.t 25° 0 this rate, however,, increased to 2-7 mgni.. 
CO 2 and idieii showed a slight decline to 2*3 mgm. At ,30° C the, 
rate further increased to 4*5 mgm. CO 3 which increased with time. 
And at 35° C the GO 2 intake rate was highest being about 5*0 mgm. 
OO 2 which kept fair ],7 constant. Thus with increase of teinperature 
the rate of photosynthesis gradually increased. Supposing tlie rate 
of photosynthesis at 20° 0 be unity, the same at 25° C, 30° 0 and 
35° 0 would be 1*7, 2*8 and 3*1 respectively. 

The ,x1gtu.4l Asbibcilation Bate 

However, the rate of intake of CO 2 is not the actual rate of 
photosynthesis since the amount of CO 2 given out in respiration 
during the same period is also involved and used up in the photo- 
synthetic process. Hence in order to get at the actual rate of 
assimilation the respiratory CO^ output should he added on to the 
CO 2 intake rate as recorded. The actual assimilation rate as shown 
in tile graphs (marked B) has been obtained from the CO 2 intake in 
light and the respiratory rate during the same period as measured 
in the control set of leaves in dark. Thus the actual photosynthetic 
rate at 20 ° C, 25° 0, 30° 0, and at 35° 0 comes to the mean values 
4-8, 7*3, 10*7 and 11*2 mgms. CO 2 and taking the rate at 20° 0 as 
a unity the other rates work out to be 1-5, 2*2 and 2*3 respeclively. 

Derived Eeal Photos YNTHET ic Value 

In the previous paper of this series it was shown that the 
respiratory rate in light also increases over the rate in dark. It was 
discussed in the same paper that in order to derive this respiration 
rate in light, the subsequent respiration curve in dark is to be 
produced backwards to the end of the period of illumination i.e., the 
zero hour of da/rkness after light. The dotted line in each graph 
represents such diift of respiration inteipolated backwards. This 
value, therefore, gives the measure of, respiratory rate in light and in 
order that the real phot-osynthelic rate be derived this has to be taken 
into consideration. The curve in light in each graph, represented by 
Figs. 3-6 (marked C) represents this derived real photosrntlielic 
value, which stands, at 6 * 0 j 8, 13 and 14 rngm. at 20° 0, 25° C, 30°C, 
and 35° C. respectively. /Again taking The value at 20° ,C3 to ,.be 
unity the same at other temperatures are' 1*3,, 2*1' and 2'*3 respec- 
'tively. ' ' * 

Thus the derived real photosynthetic value is very mucli. greater 
than the actual i.Dtake of CO 2 and greater than the so-called real 
assimilation rate. In Fig, 7 this real assimilation rate (marked B) 
and the derived real photosjnthetic A^alues (marked A) at dMerent 
temperatures are shown. The curve B shows a steady rise with 
increasing temperature iipto 30° C, beyond this temperature the 
rise however Mis off and the curve tends to assume a horizontal 
course. On the other hand the curve A follows a S-shaped course 
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Fig. 7 

indicating a slow rise between 20-25° C and 30-35° C; between 
these two extremes the curve indicates a rapid acceleration. 

The Qio Values 

The Qio values for both actual assimilation and derived real 
assimilation are shown below : — 



Qio for 

Qin for 

Temperature 

Actual 

Derived real 

in "0 

Photo- 

Photo- 


synthesis 

synthesis 

20-30 

; 2‘2' 

2-16 

25-35 

T-53 1 

1-75 


My thanks are due to my old students Mr. IST. L. Pal and 
Dr. U. N. Chatter ji for their help in going through the manuscript. 

Summary 

The photosynthetic rate in artificial light at different tempera- 
tures in leaves of Eugenia jambolana were estimated. 
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4 new type of gas regulator has been devised which divides 
the gas equaily while passing through two experimental chambers. 
The limit of accuracy reached is ± 1 c.e. in one hour. 

It was shown in a previous paper that respiration rate in light 
increases ; therefore it has been argued that in order to amve at a 

teuer index of photosynthesis the enhanced rate ot respiration m 

ST is to be fakes into W a'nfS- C 

pliotosyntliesis thus obtaaned-are shown at 20 , ^5 , 33 and G 
The Q.n for derived real assimilation is highest between ^0 -30 G 
being 2^16 while between 25"-35° it becomes lower, being only .l*7o. 
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STUDIES ON THE PHOTOCHEMICAL ACTION 

IN PLANTS 

III, The Influence o£ visible light on the rate of respiration 
of some coloured flowers 

Ey Shei Eanjain' 

AND 

Betj Behaei Lal Saksema 
Beceived for p-ablica^tioii on August 30, 1940 
Inteoduction 

Expeeiments on the effect of light on respiration have, in the 
majority of cases, been carried out with the non-green plants for the 
simple reason that in such cases the simultaneous effect of light on 
the photosynthetic process does not take place. 

Day,^ however, reported a 3 to 4% increase in the respiration of 
barley in diffuse day-light over the respira-tion rate in darkness, as 
measured by Og consumption and CO 2 production. 

Eanjan^ found an increase in resihration in the case of non-green 
leaves of Croton when exposed to artificial light. 

Spoehr^ explained the effect of illumination on respiration as 
due to air ionized by the sun’s rays which gave a slightly' greater 
rate of respiration than night air or deionized air. 

Parija and Saran^ working on the albino varieties of Ar alia 
found that by exposing these plants, even to a short period of 
diffused light, the respiration rate after the exposure got augmented. 

Mateeialb at^d Methods 

The plant materials used in this work were the inflorescence of 
Bougainvillea (pink), Eerium flowers (yellow and deep pink), and 
Canna flowers (pale yellow). 

In eacli case neither too 'young nof too old flowers were chosen. 
The green leaves from the smaller inflorescences of Bougainvillea 
were removed before experimenting. 

Every experiment ran with a control and in every case care -was 
taken that the control and the experimental sets were nearly of the 
same age and size. 

As a source of light a 1,500 watt Osram bulb was used which 
was kept at a distance of 1 foot from the plant chamber. 

The flowers were brought from the garden, washed with distilled 
water, divided into two sets, weighed and then each set kept in a 
respiratory chamber with some water. 

The plant chambers were then put in a Hearson’s. incubator 
and the temperature regulated at 35° C. 
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For the determination of the rate of respiration, the method 
of estimating the amount of carbon dioxide given out by the flowers, 
in a current of air, was employed using Blackman’s air commutator. 

Experimental Eesijlts 

The first experiment of the series, on the Canna flowers, shows 
(Pig. 1) that the respiration rate of both the experimental and the 
control sets started nearly together. At the end of 18 hours light 
was given to the experimental set for a period of 8 hours. The 
respiration rate of the flowers during the period in light, shows a 
very slight increase. When the light as switched off, the 
respiration rate slightly dropped off. 



Pigs. 2, 3 and 4 give the respiration curves, of Perium (yellow), 
Neriuin (deep pink) and Bougainvillea (pink) respectively. In all 



Hours 


FIG. 2 
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Hours 


FIG. 4 

these cases light was administered for eight hours, after a . period of 
18-20 hours in darkness. 

Unlike the respiration rate of Canna flowers the respiration of 
l^’erium and BoiigainTillea shewed a rapid and marked increase 
during the period the flow^ers were in light. When light was 
switched off, in all the cases, the respiration rate declined off. 

The GAnoTooiD Pigments and Anthoca'Anins of the Flowers 

Only rough quantitative anatyses of these pigments were 
undertaken with a view to And out whether there was any connec- 
tion between these pigments and the light effect on respiration. 
In each case 5 gm. of flowers were taken wkich w^ere ground to a 
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..fine paste with, a little acetone. 20 c.c.^ of 80% acetone "was. ttieii 
added and ' tlie inixtnre transferred to a Biieliiier f iimiel . Tlie 
filtrate was' tlien transferred to a >separating fnniiel. and an equal 
volume of etliyl ether, and water was added to separate the fat 
soliihle iioii-saponifiahle carotinoid pigments and the water-soluble 
anthocyanins. Portions of each extract was then poured into test- 
tubes and the depth of colours compared. The results showed, that 
the Ganna flowers contained the least quantity of both the carotinoid 
and anthocyanin pigments while the INeriiim and BoiigainYlllea 
flowers contained relatively far more carotinoid and anthocyanin 
pigments. 

DiBGTJSSIO'N of the Eesijlt 

The floating respiration. — ^x^ceording to the type of the fall, 
the floating respiration can |)e divided into two types (1) The 
Canna type. Here the respiration rate starts low e.g.j 10 mg. CC )2 
per 20 gram, hours, and this low rate is maintained at a fairly 
constant level throughout the experiment. The colouration of the 
petals of these flowers show^ that the pigments are relatively less 
than in other type of fiOAvers iiwestigated. This coincides Avilli the 
fact, that the respiration rate in light augnients very feebly. It 
may, therefore, he safe to assume that where, normally, the floating 
respiration starts lov/ and is a flat ciixA'e, the respiration in light Avill 
augment very feebly, if ab all. The second type is the Nerinm type. 
Here the floating respiration starts liJgh and gradually comes down 
to a low flat level. The respiration of these plants, in light, shows 
a marked and rapid increase. Tlfhs one may again assume that 
where the* floating respiration normally sIioavs a fall, the respiration 
in light will be markedly increased. The colour alien of the flowers 
of the type shows deep pigmentation. 

The Eesptuatiok in Light 

That there is a clear co-relation between the depth of coloura- 
tion of the flowers and the respiration rate, in light, is cleariy shown 
by Figs. l-I. In Ganna where the eolouration Avas slight, the respi- 
ration augmented very feeWy. In the cases of Heriiim and 
Bougainvillea, howeA'cr, the increase is very marked -and so also the 
depth of colouration of the flow^ers. The increase of the respiration 
in light .OArnr that in darkness ' shoAvs that wdiereas iii'Clanna it Avas 
1;*1 times only, in' yellow Heriura; it was 1*35,' in pink Heriuni ,l-7: 
and in BougairiAillea 1-4 times. This clearly prwes that light Avill 
increase the re,spiration rate oifly Avlien suitable rays are, absorbed 
by the respiring tissues of the plants, ■ ■ • 

The Eespiuation E ate in Daek after Light ■ 

‘ In the case of the Ganna type the respiration rate in light Avhich 
wars only ATuy slightly ahoA'e the control set, falls at once to the 
level of the respiration in darkness, flhe Ncriurn typi, iiowcver, 
show^s a steady sIoav decline in the respiration late in darkness after 
light. And it is orfly after 15 or thereabouts that it tends to 
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Join tlie respiration rate of its control set. TMs forcibly points out 
that the after-effect of light does not damp out rapidly, but that it 
continues for several hours. 

Summary 

The respiration rates, in light, of Oanna, Ferium and Bougaiii' 
villea flowers have been studied. 

The respiration rate of Oanna flowers showed only a very 
slight increase in light. OF the other hand, the respiration ratet 
of Ferium and Bougainvillea flowers markedly increased in light. 
This increase is correlated with the coneentrations cf the carotinoid 
and anthocyanin pigments. 

It is suggested that these pigments by absorbing the necessary 
rays of the visible spectrum, cause an increase in the respiratory 
rate in light. It is further shown that the after-effect of light 
continues for several hours. 


1 . 

2 . 


3. 

4 . 
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STUDIES ON THE PHOTOCHEMICAL ACTION 

IN PLANTS 

IV. The effect of violet and ultra-violet radiations on 
plant respiration 

By Shri Eanjan 

Department of Botany, Universiiy of AUaJmhadi Allahabad 
Received for publication on August 30, 1940 

Totroduction 

Of the relationship between respiration and ultra-violet radiations 
have almost no knowledge. Masnre^ however, using merenry 
vapour lamp, with corning G. 586 A-W. screen, showed that the 
respiration is temporarily increased. Its effect disappears soon 
after it is discontinued. However, his experiments have been very 
few to warrant a generalization. Lindner^ showed a remarkable 
acceleration of fermentation by the radiations from a mercury 
vapour lamp. He used a solution of 30 gm. of glucose in 30C c.c. ^ 
of water which he inoculated with 5 gm. of pressed' yeast. His 
results are shown in tabular form below. 


Table I 


Hrs. from start 

GO 2 production in c.c. 

Irradiated 

Control 

2 

156 

4 

4 

645 

118 

6 

1,085 

119 


On the other hand there has been overwhelming evidence to 
show that ultra-violet radiations have a distinctly injurious effect 
upon the germination and early growth of seedlings. The same 
harmful effects have been proved on more mature plants by Arthur 
and Newell,^ Popp and Brown® and others. Maquenne and Bemou- 
ssey*^ have shown by plasmoly tic tests that the epidermal cells of 
the leaf are killed by ultra-violet radiations, but that the palisade 
cells of the interior remain uninjured. Belf, Eitson and Westbrook^ 
showed that the epidermal cells of the leaves of Felargonhm 
collapsed, which was followed by rolling and distortion of the 
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leaves after exposure to ultra-violet radiations for 2 iiiiimtes at a 
distance of 3 ft. 

Thus to gain some more insight into The problem of the effects 
of these short-wave radiations on plant respiration: the present -work 
was undertaken. 

Methods and Procedure 

For the deterniinaition of the rate of respiration the method of 
eslimatijig the amount of OO 3 given out by the leaves, in a eurrent 
of iilv was employed. For this purpose the well-known air curi’ent 
commutator of T)r. F. F. Blackman was used. 

The rectangular brass plant chaiiiber contaiiiing excised leaves 
of Eugenia jamholana was kept in a HearsoiFs cool incubator and 
the temperature was rormally maintained at 25*^ C. 

Light . — As a source of light atinosplieric type merci:iry vapour 
ultra-violet lamp was used. 

Sugar Estimation. — Pavy^s solution w^as employed for sugar 
estimation of the leaves. 

BximRIMENTAL EBSULTS -AND DISCUSSIONS 

In the first two experiments light given to the plants was from 
an ultra-violet ray apparatus placed at a distance of about 1 ft. 
As light had to travel through two glass plates — one being the plant 
chamber and the other the window of the electric inciihalctr — it is 
presumed that miicli of the short- w^ave rays was absorbed before 
reachii,]g the plant surface. Thus the elect felt eaiinol be inter- 
preted to be due to ultra-violet light, but should be looked, upon 
as ordii'iary light with a greater proportion of shorter w^aves. 

In Pig. 1 the result of exposing the leaves to such a light at a 
tempf‘rature of 33*^ 0 is given. The exposure wuis of a duration of 



4 hours after 16 , hours of starvation in dark. The exposure catises 
the rate of the emission of 00 a iminediatcly to a very low' 

level wliich again rises on switching off the light. 
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In the next experiment (Pig, 2) the same was repeated except 
that the leaves were kept at a tempei'ature of 25° 0 instead of 
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FIG. 2 


at 33° C. In this expeiiment, as in the previous one, light causes 
the CO 2 emission to fall to a very low level. However, unlike 
the first expeiinvent, on switching off the light- the I'espiration 
rate rapidly mounts up to reach a higher plane than that main- 
tained before exposure. 

The fall in the CO 2 emission on exposure to light is due to the 
fact that part of the carbon dioxide given out in respiration was 
photosynthesiscd by light. The subsequent rise over the normal 
drift is due to the direct effect of light on respiration as has been 
previously shown by Eanjan.’'*^ The smaller effect, in the first 
experiment, strengthens the belief that at higher temperatures the 
direct effect of light is smaller than at about 25-27° CJ (see Eanjan®). 

In the next two experiments the same source of light was used 
as in the previous cases but the light Avas made to pass through a 
jacket of methyl- violet solution (about 4" deep) of such a concentra- 
tion that only violet rays could pass. Thus infarct the leaves were 
supplied with a monochromatic light of violet colour. In the first 
of these experiments (Fig. 3) light was given for a period of 6 hours. 
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The results do not show any marked variation. In tlie seeond 
experimont witli violet rays (Fig. 4) light was given for siiort dura- 



Hours 
FIG. 4 



tions of 5 minutes, every hour, tliougli the respiration, was estimated 
every two hours as before. The results are essentially similar to the 
one just described. 

The main cause of the absence of any effect is the weak intensity 
of violet light falling on the leaves owing to the thick layer of the 
solution. Thus the effect of violet light, if any, cannot be gauged 
from these experiments and more investigations arc needed witli 
stronger light before any definite conclusions can be reached. 

In the next three experiments, how^ever, there was a change in 
the treatment and the leaves were taken out of the plant chamber 
and exposed to direct light from the mercury vapour lamp from a 
distance of 3 ft. so tha.t there could be full jday of tlie shorter waves 
on the leaves. 

In the first experiment of this series (Fig. 5) after noting the 
respiration for 4 hours, light was given for 8 minutes and then again 



■ ■ Hours 

FIG. 5 

after 2 hours for 10 minutes. It would he seen that from a rate of 
9-0 mgm. COa per 20 gm. hours, the respiration falls to a Ioav value 
of 4 ■ 9 mgm. just after each exposure to light. However in continued 
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darkness the improves to reach 5*6 mgm. After 

reaching this valxie the respiration rate again falls off. 

It is necessary at this place to note that in this experiment when 
the leaves were exposed directly to ultra-violet light, they, Just after 
exposure, developed a faint odour. At first the smell was mistaken 
to he due to ozone, produced in the air hy ultra-violet light hut 
careful examination revealed that though it somewliat resemhled 
the smell of ozone 3^et it was of a different character. 

This experiment thus shows the adverse effect of ultra- viloet 
rays on plant respiration. In these experiments the period of 
exposures to light was too small to have any photo-synthetic effect. 

In the next two experiments, a greater number of leaves were 
taken and hourly respiration was estimated instead of two-liourly 
ones as in the previous experiments. 

Light which was given to the plants in the 5th and 7th hours 
(Fig. 6) was of very short durations (3 minutes at a distance of 3 ft.). 



4 8 12 


^ Hours 

Fig. 6 

The results however, definitely established the harmful effect on 
respiration. Just after the first exposure the respiration falls from 
3*1 to 2 *3 mgm. OOg and during the next period rises to 2*9 
mgm. when a second exposure is made. This second exposure has 
a greater effect and the rate falls to only 1 • 6 mgm. which again 
rises in later periods arid reaches the original level. 

In the last experiment in order to reduce the dose of ultra-violet 
light the source of light was kept at a distance of about 6 ft. from 
the plants. The result (Fig. 7) show^s that even minute doses 
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ha-s'c tlie same inhibitory effect on the respiration rate though it is 
smaller. As a result of the exposure of 3 min rites the resjiiraticn 
falls from 5-6 mgm. to 3-5 and this again rises to .3-9 which, 
hower'er, keeps constant even on second exposure. The rate, luAvcver, 
subsequently falls. 

Pinally, the percentage of the reducing sugars of the exposed 
and unexposed leaves were undertaken. The results are givin 
below. 

Table II 



Sugar content. 

Treatment 

Experimental 

0/ 

/o 

Control 

o/ 

1 

15 Minutes exposure to ultra-violet light 
at a distance of 1 ft. 

0-623 

0-0]9 

Two exposures of 3 minutes each at an inter- 
val of 2 hours at a distance of 0 ft. 

o*-n. : 

.1 

O-ti 


It is evident from the above table that exposures, to either 
strong or weak concentrations of the ultra-violet rays, have no 
effect upon the reducing sugars of the leaves. 


Summary 

(1) The effect of light from an atmospheric mercury r apour 
lamp . on plant respiration was studied. It was found that owing 
to a great reduction in ultra-violet part of radiation, due to glass 
surfaces through which the light passed, and owing to the presence, 
of other rays in the light the effect was’ more or lc"ss similar to the 
effect of ordinary light on respiration. 

(2) When exposed to rays passing through methyl-rlolet solu- 
tion, so as to give monochromatic violet lightfthe respiration rate 
does not show any appreciable change. 

(3) On exposure (8 minutes and 10 minutes at an interval of 
2 hours) to direct light from this apparatus at a distance of 3 ft. 
containing a much greater proportion of ultra-violet iiglit the respira- 
tion shows a fall which slightly rises on switching off the lieht. 
Shorter exposures also (3 minutes from a distance of 6 ft. at' an 
interval of 1 hour) clearly proves the inhibitorv effect of ultra- 
violet radiation on respiration. 

(4) Sugar estimations show that there is no change in the 
reducing sugars after exposur-es to either strong or weak ultra- 
violet light. , 
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Budorina indiea Iyengar was first collected by Dr. M. A. Bampatb- 
knmaran of Bangalore in a rain-water pool at Talgnppa in Mysore 
ProYince and later on by Prof. M. O. P. Iyengar in a similar sitnation 
at Madras. Since then, there has been no other record of this alga 
anywhere. During the South-West monsoon of 1937, this alga 
came up in large numbers along with' other algae, especially mem- 
bers of the Yolvoeaceae, in a rain- 'water pool at Madras, forming 
a sort of water-bloom. A good account of the alga has been giyeii 
by Iyengar (1933, pp. 339-43), but bis description was based on 
material preserred in formalin. The occurrence in plenty of the 
living material of the alga was taken advantage of to make a 
detailed study of its life-history and cytology at the kind 
suggestion of Prof. Iyengar. 

Material ais^d Methods 

The life-history of the alga was followed in the field as far as 
possible and also in cult ares kept in the filtered pool water in glass 
vessels in the laboratory. Mainx^s Yolvox solution (Gross, 1931, 
p. 210 ) and Uspenski and Uspenskaja’s solution (IJspenski and 
ITspenskaja, 1925, p. 307) w^ere employed for the cultures. 

For cytological studies the living material both from the field 
and from the laboratory cultures was fixed when the colonies were 
showing signs of division. The material was fixed at regular inter- 
vals of half an hour each both during the night and the day time. 
Division took place mostly diiring nights between 9 p.m. and 2 a.m. 
and abundant division figures were obtained in material fixed 
between 10 and 11 p.m. The following fixing fluids were used— 
Flemming^s weak, Flemming^s strong, Flemming\s strong diluted 
with an equal amount of distilled water, Schaudinn^s sublimate 
acetic-alcohol (5% acetic), hlawaschin’s fluid, Bouin\s fluid , and 
Allen’s modification of Benin’s fluid (PFA 3 ). Of these the best 
results were obtained in material fixed in Flemming’s mixtures and 
in Schaudinii’s fluid. 

The material fixed in Flemming’s fluids was washed thoroughly 
in water and run up to 70% alcohol. The material fixed in 


* From the University Botany Laboratory, Madras. 

This paper formed part of a thesis submitted for the Degree of Master 
of Science of the University of Madras. . 
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Schaudinn’s fluid was washed in several changes of 50% alcohol 
and was freed from traces of mercuric chloride by treatinent with 
Lngors iodine solution. Smear preparations were made from the 
material in 70% alcohol according to protozoological methods 
(McClung, 1937, pp. 530-31). A drop of the alcohol containing 
the material is pipetted over an albumen-smeared slide and 
spread on it with the aid of a cover glass. When the alcohol has 
very nearly evaporated, the slide is immersed in a jar of 80% 
alcohol. Then the slides are brought down the alcohol grades to 
water before they are stained. Smear preparations were also made 
directly from the living material. A drop of the water containing 
the living material is placed on an alhumen-smeared slide and 
then fumed over osmic vapour for half to one minute. The slide 
is allowed to dry up completely. It is washed in water and bleached 
in dilute hydrogen peroxide to remove the blackening effects of 
osmic vapours before it is stained. Smear preparations were also 
made in the following manner. The smeared living material is 
fixed by pouring over them killing fluids by means of a pipette. 
After drying, these slides are treated as above. All these three 
methods of smear preparations proved good. Microtome sections 
also were made from material imbedded in paraffin. The changes 
through the alcohol and the xylol grades were made by decanta- 
tion, since centrifuging tended to break up the colonies. The sec- 
tions of material fixed in Flemming’s fluids were bleached either in 
dilute hydrogen peroxide or a solution of chlorine in 30% alcohol 
before staining. 

A number of stains was used besides Heiclenhain’s iron-alum 
hsematoxylin, such as, safranin and light green, Biondi’s triple stain 
and Mayer’s hsemalum. The hsematoxylin stain proved to he the 
most satisfactory, though fairly good results were also obtained 
from material stained in safranin and light green and also in 
Mayer’s hsemalum. The nuclei are generally rather difficult to stain, 
but a treatment for 6-12 hours in 1% chromic acid solution followed 
by a thorough washing in running water for about half to one hour 
before mordanting in iron-alum proved very effective in making 
the nucleus take the stain. The slides were left in 4% iron-alum 
for two hours and then stained in J% hsematoxylm for 2-4 hours. 
Bestaining was carried out in a saturated aqueous solution of 
picric acid. After washing in running water, the slides were treated 
for 1-2 hours with 1% aqueous solution of sodium acetate to remove 
any traces of acid that may still remain and then thoroughly washed 
in running water again. After dehydration, the slides were cleared 
in clove oil and xylol and mounted in neutral Canada balsam. 

Inversion stages of daughter colonies were observed from living 
material in hang-drop cultures. For making drawings or photo- 
graphs of dividing colonies and of inversion stages, the living 
material had to he kept more or less stationary for some time. 
For this purpose, the colonies were mounted under a cover glass. 
In order to prevent the cover glass from pressing and injuring the 
colonies too much, pieces of broken cover glass were introduced 
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betwecD the cover glass and the slide. This enabled one to follow 
all the stages with ease. 

Besgription op the Colony 

The colonies of Eudorina indica are ellipsoidal to sub-globose and 
often egg-shaped. Many colonies showed a bread anterior end and 
a narrow posterior portion. In these latter colonies the small front 
cells were situated slightly apart, while the large cells of the 
narrower posterior region were crowded together (Text-fig. 2). 

The normal colony of Eudorina indica oontojin^ 64 cells arranged 
in seven definite tiers. The first and the seventh tiers have four 
cells each, while the second has eight cells and the remaining tiers 
(third to sixth) have twelve cells each (Text-fig. 1). The cells of 
the first two tiers are much smaller than those of the remaining 
tiers, but the cells of the second tier are larger than those of the 
first. In the remaining tiers a gradual increase in size of the cells 
is seen from the anterior to the posterior* end. The cells of the 
seventh tier, however, are generally slightly smaller than those of 
the sixth. The following table gives the average measurements of 
the cells of the different tiers : — 


I 

tier 

.. 10 *1-12 *3 p. 

II 

tier 

.. 14-3-16*3 /X 

III, IV & V 

tiers . . 

.. 16-2-24*5 /X 

VI 

tier 

.. 22-4-25*0 /X 

VII 

tier 

.. 20-4-22 *4 /X 


Mixed with the 64-celled normal colonies were often found 32- and 
16-celled colonies of the alga. The 32-celled colonies resemble those 
of Eudorina illinoisensis (Kofoid) Pascher but in E. indica the cells 
of the first two tiers are smaller than those of the rest, whereas 
in E, illinoisensis the cells of only the first tier are smaller (Text- 
fig. 3).‘ 

The description given above agrees very well with that given 
by Iyengar (1933) except for some slight differences in the dimen- 
sions of the colony and the cells. The slightly smaller dimensions 
given by Iyengar are evidently due to his material having been 
preserved in formalin for some time, while the dimensions given 
in the present paper were all taken from living colonies. 

The colony exhibits a marked polarity and moves forward 
rotating on its longitudinal axis, one end of the colony, the anterior 
end, being always directed forwards during the movement. The 
rotation is both clockwise and anti-clockwise in the same individual. 
It moves rotating in one direction for sometime and then pauses 
for a while, and then proceeds forward again rotating in the opposite 
direction. But the change in rotation may take place without any 
pausing also. Many other obsei vers have noted this rotatory 
toward inotion of the colony in Garter (1858, p. 238), 

in the living specimens of E. elegans collected at Bombay, observed 
rotation in both directions. Kofoid (1898, pp, 282-83) made the 
same observation in E, illinoisensis. . Grove (1915) found colonies 
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of the same species rotating clockwise nnless tlieir inovenient was 
obstructed in some way, when they receded rotating in the opposite 
direction. Iyengar (1933, p., 330) found that the colonies of IJ, eU- 
gans rotated mainly in a clockwise direction, but quite as often rotated 
ill the opposite direction. He found, however, a few stray colonies 
moving forward without any rotation whatever; Such a movement 
ivas not observed in this alga in any of the colonies, though numer- 
ous living specimens were examined. 



The colonies are definitely phototactic. The living material 
kept in a petri dish or a watch glass, soon crowd towards the illu- 
minated side of the glass vessel Imparting a bright green colour 
to that side. When this side is viewed under the low power of 
a microscope, it is seen that the anterior ends of ail the colonies 
are directed towards the source of light. Two petn dishes contain- 
ing active, healthy material were placed on either side of an electric 
light in a dark room. The material was kept for a time in the darlc 
before the light was switched on. At first the organisms "were 
evenly distributed in the water giving it a uniform liglit-green 
colour. But after a time all the colonies in each vessel were found 
to have moved towards the side nearest the light making that 
edge of the petri dish intensely green. Now the single light between 
the two petri dishes was removed and two such similar lights were 
placed outside the pair of petri dishes at an equal distance from the 
dishes. After a little time the colonies in each of the dishes were 
found to have moved to the newly lighted side of the dishes. "When 
exposed for a long time to bright light, the colonies seem to lose 
their phototactic sensitivity and to show ^‘fatigue^h They all go 
down to the bottom of the dishes and show no definite reaction 
to light. At nights, the majority of the colonies generally settled 
down at the bottom of the dish, only those that were dividing 
being seen as a floating scum at the surface. 

The Cell .' — The smaller cells of the front two tiers are slightly 
ovate in shape while the cells of the posterior ones are more or less 
globose, though often somewhat flattened at the anterior end. The 
protoplast when highly magnified appears to be slightly beaked in 
front. 

Each colony is surrounded by two mucilaginous coats, the 
inner one being denser and firm, the outer coat is less dense and 
diffuse. This outer mucilaginous envelope is generally not well 
seen in material preserved for some time in formalin as it appears 
to become dissolved in the preserving fluid. The wall of each indi- 
vidual cell has two layers, the outer one being thick and gelatinous, 
while the inner one is firm and thin and closely invests the proto- 
plast. When the colonies are treated with dilute aqueous m.eth 3 dene 
blue, hexagonal reticulations are seen round the cells. These reti- 
culations represent the outer edge of the thick gelatinous layer of 
the cell-walL Kofoid (1898) and Conrad (1913) observed these 
hexagonal reticulations. Grove (1915) remarks that he could not 
succeed in demonstrating any hexagonal reticulations round the 
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Text-Figs. 1-18. Budorma indica Iyengar. Fig. 1. A normal colony 
( X 215). Fig. 2. A colony with obovate shape ( X 215). Fig. 3. A 
32 -celled colony ( X 215). Fig. 4. A colony showing the .posterior cells 
dividing ( X 215). Fig. 5. An anterior cell wdth four pyrenoids (X 676). 
Fig. 6. A posterior cell with eleven pyrenoids ( X 676). Pig. 7. A cell 
from the fourth tier showing eyespot ( X 676). Fig. 8. Speimatozoids 
(X 8S0). Fig. 9, Egg-cell with two cilia ( x 880). Fig. 10. A sperm 
bundle ( X 676). Pig. 11. A spermatozoid attached to the egg ( X 465). 
Fig. 12. Portion of a colony viewed from the side showing gelatinous 
wall bulging opposite each cell (x 324). Figs. 13-15. Plakeas with 
the two cilia of the mother colony stdl attached to one of the cells. The 
eyespot of the mother-cell is seen in another cell ( X 324). Figs. 16-17. 
Two stages of the plakea in E. eleqam, The two cilia of the mother-cell 
are attached on two different cells of the plakea (from drawings by Iyengar). 
Fig. 16 { X 220). Fig. 17 ( X 324). Fig.- 18. Portion of colony -^dewed 
from the top showing depression of the gelatinous envelope opposite each 
cell. Note the separate insertion of the cilia (X 324). 



118 


8. BOBAimAMl 

cells, until lie adopted the expedient of pressing upon the cover 
glass, so as to expel the cells. This reticulate appeaiance is consi- 
dered by hiiii as an artefact produced by the mutual pressure of 
the gelatinous capsules surrounding each cell at a certain stage. 
Jyengar (1933, pp. 331 and 336) found these reticulations very 
distinctly both in B. elegans and in E, ilUnoisensis. In this connec- 
tion, he states that ^Hhe outermost edge of the gelatinous layer 
takes up the stain quicker than the rest of the wall, and hence the 
more or less polygonal contour stands out rather promiiiently for 
some time. Later on, when the stain becomes more uniformly 
distributed, the reticulation is not so dig^inct. The reticulation is 
thus really due to mutual pressure of the gelatinous v/alls of the 
cells upon one another as Grove suggests, but it is not clear why he 
regards it as an artefact ’h 

The firm thin inner membrane of the cell next to the protoplast 
consists of cellulose. This layer turns blue when treated with iodine 
and sulphuric acid. "When the colonies are treated with ruthenium 
red, the general gelatinous envelope of the whole colony and also 
the outer gelatinous layer of the individual cells takes up a rose 
colour indicating the hemicellulose nature of the mucilage. But 
since both poetic and non-pectic hemicelluloses become stained with 
ruthenium red, the following test (Bawling, 1933, p; 42) was made 
to distinguish the pectic from the non-pectic portions. The material 
was kept in 4% carbonate free sodium hydroxide solution for various 
periods, some for 3 hours, others for 4 hours and some others again for 
24 hours. Afterwards it was washed free from the alkali and acidi- 
fied with dilute acetic acid and stained with ruthenium red (1 : 1000). 
In material kept in eanstic soda for a long time, say for 24 hours, 
all the non-pectic hemicellulose portions would be completely dis- 
solved, only the pectic portions being left behind. But if the 
material is treated for only a short time in caustic soda, say for 
3-4 hours only, a certain quantity of non-pectic hemicelMose matter 
would still be present along with pectic material. In the present 
alga, in the material treated for 24 hours, only the. gen oral muci- 
laginous envelope of the colony is left behind as a thin layer, the 
rest of the mucilaginous portions being dissolved out by the 
treatment. But in the material treated for only 3-4 hours the 
general envelope of the colony was not reduced to such a thin 
layer but was slightly broader, and a small quantity of mucilage 
was still left inside the envelope. This shows that the general 
mucilaginous envelope of the colony consists of two portions, a 
thin outermost pectic layer and a broader inner non-pectic portion. 
As regards the thick mucilaginous layer round each individual cell, 
this gets dissolved out by the treatment with caustic soda for 
24 hours ; but when treated for only 3 or 4 hours a small portion 
of this layer is still present. This shows that the gelatinous layer 
of the individual cells are non-pectic in nature. 

Cilia . — Each cell has two cilia which are twice the length of 
the cell or slightly longer. They are situated at the apex of the 
cell slightly separated from each other (Text-fig. 18). The line 
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connecting the two cilia of a cell is more or less at right angles to 
the plane of the longer axis of the colony. When the colony is lying 
on its sides the two cilia overlap and are therefore not seen sepa- 
rately (Text-fig. 12). On the other hand, when the colony is viewed 
from its anterior or posterior end, the two cilia are seen standing 
apart in almost all the cells of the colony (Text-fig. 18). Conrad 
(1913) described the two cilia of E, elegans as coming out of a single 
tnbe-like aperture (Pascher, 1927, Fig. 395). Akehurst (1934) found 
the two cilia coming out of two separate funnel-like tubes. In the 
present alga the two cilia emerge through two separate tubular 
passages in the general mucilaginous envelope. 

Ill some colonies a careful examination showed that the muci- 
lage is slightly depressed just in front of each cell at the point of 
exit of the cilia (Text-fig. 18). Hartmann (1921, Tab. I, Figs. 3 and 
4) and Ij^engar (1933, p. 331, Text-fig. 21)) found the same to be 
the ease in E. elegans. But Iyengar found that in some other 
colonies the outer mucilage was not depressed in front of the cells, 
but, on the other hand, was bulged out in front of each cell. Such 
a condition was found in a few colonies of the present alga also. 
In these colonies the gelatinous matrix is slightly bulged outside 
each cell, so that the boundary of the mucilage appears to follow 
the wavy contour of the cell (Text-fig. 12). 

Eye-spot . — Each cell lias an eye-spot which is concavo-convex 
in shape when looked at from the side, the convex side facing the 
inner portion of the colony and the concave side facing the outer 
(Text-fig. 7). As in the other members of the colonial Yolvocales, 
the anterior cells have the largest eye-spots, the size of the eye-spot 
decreasing gradually in the posterior cells. The following are the 
dimensions of the eye-spot in the cells of the different tiers of 
a single full grown colony:— -I tier 3aj II tier 2-5u; III tier 
2 /X ; lY tier 1 -5-1 -8 ja ; Y, YI and YII tiers about 1 - 4 {i. 

Contractile vacnoles.—Tl^o contractile vacuoles are seen in the 
anterior region of each cell at the base of the cilia. They are situ- 
ated in a plane at right angles to the plane in which the two cilia 
arc situated, so that when viewed in position in which both the 
cilia are seen separately, only one vacuole is seen, and vice versa. 

GJiloroplast . — The chloroplast is cup-shaped with its concavity 
turned towards the anterior side. It almost completely fills the 
cell and the opening of the cup is very narrow. . 

Pyrenoids. — A number of pyrenoids is seen in the chloroplast, 
the number often reaching as m.any as 12 or 13. The pyrenoids 
are smaller in number in the cells of the anterior portion of the 
colony (Text-fig. 5) and increase in number in the cells situated 
more posteriorly (Text-fig. 6). The following gives an idea of the 
number of pyrenoids in the cells of the different tiers: — 

I and II tiers . . . . 2-4 pyrenoids 

III tier .. .. 5-6 " „ 
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The different pyrenoids of the same cell vary in size, the largest 
often mea-snring 4*2 /X. 

In the living material the nucleus is not seen bccauHe of the. 
intensely green and thick chloroplast which surrounds it. But in 
material properly fixed and stained each cell shows a single nucleus 
situated in the endoplasm enclcsed by the hollow of the eup-shaped 
chloroplast. The nucleus is approximately 4-5 /x in diameter and 
is spherical, but in some cases it appears slightly elongated. It 
contains a large deeply staining nucleolus. The rest of the nuclear 
; space the outer nucleus ”) is clear, the chromatin network taking 

only a faint stain. At first much difficulty was experienced in mak- 
ing the nucleus take the stain in fixed material. According to 
Belar (1926) the resting nucleus in a number of Brotophyta are 
characterised hy a masking of the chromatin. Thus t lie chromatin 
is not distinguishable from the caryolymph even after Btaining, 
and the outer nucleus appears clear and homogeneous. But this 
difficulty in staining the outer nucleus was overcome, as mentioned 
earlier in the paper (see p. 114) by a pretreatment of the fixed material 
with 1% chromic acid solution in water, before staining. 

Neiiro-motor apparatus.— Two fine rhizoplasts are observed in 
li, stained material, passing from the nuclear membrane to the two 

basal bodies at the place of the emergence of the. cilia (Text-fig. 29). 
Two rhizoplasts were observed in B. elegans by Hartmarm (1921), 
in B. illinoisensis by Hovasse (1937) and in Volvox by Zimmermann 
(1921, p. 262). 

Asexual Eeproduction . * 

Dividing colonies were not found in the material either in the 
field or in the laboratory at the beginning of the observations. 
Mature colonies were collected and kept under observation for 
several days both during nights and during the day time without 
any division being seen in any of them. Only occasioiiaily was 
division seen in a stray colony or two. After remaining in a vege- 
tative condition for nearly a month, the colonies began to show 
signs of division. After that, dividing colonies were seen very com- 
monly in the water and almost all the mature colonies divided to 
form daughter colonies. The division generally started at about 
9 p.m. and was very active throughout the night. But dividing 
colonies were observed during day time also in the field as well as 
in the cultures kept in the laboratory. Usually reprcdiictlon sets 
in only when the colonies have attained their maximum size and 
.are intensely green. The cells then have many pyrenoids. In 
mature colonies division generally starts at the posterior end of the 
colony and proceeds in the anterior direction (Text-fig. 4 ; B1. II, 
Big. 3). The cells situated at the posterior end generally complete 
the daughter colony formation earlier than the ones more anteriorly 
situated. All the cells form daughter colonies excepting the front 
twelve cells which remain undivided. Iyengar (1933, p. 341-43) 
found only one dividing colony in his formalin in aterial. In this 
single colony he found that the front twelve ceils were not dividing 
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■while tlie remaining' cells were undergoing division. He states 
• unfortunately little is known about its reproduction, but the one 
case observed indicates that the front twelve cells do not divide^ 
■ while most of the others do so. It is jjossible that in this alga the 
front twelve cells are truly somatic My observations made on 
hundreds of dividing colonies of JFJ. indica fully confirm Iyengar’s 
suggestion that the front cells are somatic. 

In the cell about to divide the protoplast contracts and drawls 
away somewhat from the wall at the sieles leaving a small space 
between the wall and the protoplast. The thin inner la^^er of the 
wall ofdhe mother-cell becomes somewhat gelatinised, but continues 
to be intact and forms a vesicle round the developing daughter 
colony. It becomes gradually large enough for the completed 
daughter colony to rotate inside it. 

The first division of the cell is longitudinal, resulting in tw^o 
cells. The second division is also longitudinal but at right angles 
to the plane of the first division. The third division results in an 
8-celled plate with the central four cells arranged in the cruciate 
manner characteristic of all colonial Yolvocales. Each cell of this 
8-ceIled plate divides into two and a 16-celled plate is formed. 
During this dhision the four central cells divide inio four inner and 
four outer cells. Each of the four corner cells divides in a plane 
which is parallel with the division plane of one of the cross cells 
but at right angles to- the division plane of the other cross cell 
adjoining it (Text-fig. 40 ; PL III, Fig. 17). Each of the cells of ihe 
16-celled plakea then divides and the whole forms a curved plate. 
Goroschankin (1875, p. 29) states that in U. elegans the 32-celled 
stage does not arise by the division of all the sixteen cells of the 
previous stage. He says that the central four cells of the cross 
remain without division and represent the future anterior cells, 
while the corner cells each forms three cells by division and the other 
cells each form two cells and thus a 32-celled stage is obtained. 
In the smear preparations of the present alga a young developing 
daughter colony shows clearly sixteen metaphase plates (Text-hg. 
41 ; PL III, Fig. 18) showing that all the cells of the 10-celled plakea 
divide to Term the 32-celled stage. During the next division the 
64-celled stage is reached. 

Inversion 

Even at a very early stage, {i.e., after the 16-celled stage), 
the until now fiat plakea begins to get slightly curved and saucer- 
shaped. This curving continues further resulting in a hollow bowl- 
shaped plakea with the concavity directed towards the exterior of 
the colony (Text-fig. 19). This bowl-shaped plakea is still stituated 
inside the vesicle of the mother-celL The hemispherical plakea 
now begins to curve in the opposite direction and undergo a process 
of inversion. In this inversion process, the curved hemispherical 
howl begins to gradually carve backwards and finally becomes 
quite flat. And, since the process of the curving backwards con- 
tinues, the fiat plakea becomes curved in the opposite direction 
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witli the result that its convex side becomes finally directed towards 
the exterior of the mother colony and its concave side towards, 
the interior of the colony. The cnr\dng does not stop now, but 
continues still further till the plakea becomes a. completely closed 
stnietnre (Text-hg. 27). During the closure of the open end of the 





colony, the cells appear to become rapidly clustered together in 
a somewhat irregular manner without leaving much space in the 
centre. It is only sometime after this that the cells become more 
regular and arranged into a more or less spherical colony. 

Inversion brings about certain changes in the orientation of 
the cells in the plakea. In the bowl-shaped daughter colony about 
to invert, the cells are so oriented that the hyaline anterior ends 
of the ceils where the nuclei are situated are directed towards the 
concave side of the plakea and the posterior ends with the green 
chloroplast are directed towards the exterior of the bowl. As a 
result of the inversion the hyaline anterior ends of the cells of the 
plakea become directed to tbe exterior of the bowl and the posterior 
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ends of the cells with the chloroplast directed towards its interior. 
This is very clearly seen in microtome sections of inverting daughter 
colonies, where the nuclei and pyrenoids are well stained. In the 
howl-shaped plakea before inversion the nuclei are seen at the ends 
of the ceils pointing towards the inside of the bowl, while the pyre- 
noids are at the ends directed towards the exterior. After inversion 
the nuclei are seen at the ends of the cells directed tovrards the 
exterior of the bowl, while the pyrenoids are seen at the ends directed 
towards the interior of the bowl. 

In the case of Volvosc the number of cells is great and the young 
daughter colony about to invert assumes the form of a hollow 
sphere, with a narrow, small opening or phialopoie fPascher, 
1927, p. 45, Fig. 421; Pocock, 1933, p. 37, Pigs. 2]c&l). The 
whole colony has to turn inside out through this very narrow phialo- 
pore and the process of inversion is therefore much complicated. 
In the case of Budarina the broad opening of the hemispherical 
cup-shaped daughter colony about to invert represents the phialo- 
pore and since this is very broad, the process of inversion is very 
simple. But the process of inversion and the changes brought 
about by it arc quite similar to those of Volvox, the difference being 
only one of degree and not of kind. 

The process of inversion was first recorded in Vohox by Powers 
in 1908, but the complete process was first observed in living material 
by Kuschakewitsch in 1923 and later on by Zimmermann (1925) 
and Pocock (1933). Hartmann (1924, p. 378) was the first to describe 
the process of inversion in Budarina, Merton in 1908 noticed a 
change in the polarity of the cells during the formation of young 
colonies in Fleadorina iUinoisensis, But he did not recognise the 
fact that this change in polarity of the cells was due to the inversion 
of the daughter colony. He merely states that shortly after the 
sphere has closed there takes place in every cell a change of elements, 
and that, after this change, the hyaline pole is not towards the hollow 
of the daughter colony but towards the outer side (Merton, 1908, 
Taf. XXVII, Fig. 5). In his earlier paper, Hartmann (1921, 
pp. 232-33) describes the change in the polarity of the cells of the 
daughter colony before the cilia are formed, hut is not sure whether 
the changes are brought about by the cell as a whole or by parts 
of it. In his second paper on P. he (Hartmann, 1924) 

recognised from a study of the living material that the change in 
the polarity of the cell of the colony is due to inversion. He gives 
a good account of this process in the paper. The author found 
that in B, indica also inversion takes place during daughter colony 
formation. His observations of this process in B, indica agree 
very closely with those of Hartmann made on E, elegans. 

Time of iNVEnsiON; :■ 

Inverting daughter colonies were observed during nights 
as well as during day time. The whole process of inversion takes 
only a very short time and is completed within 30-40 minutes. 
The details as observed in the case of one single inverting daughter 
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eolony is given below. The time taken by the plakea of this invert- 
ing colony for changing from its bowl-shaped condition (Text-fig. 19) 
to a flat condition (Text-fig. 21) is six minutes (11 A.M.-11-6 a.m.), 
and for the flattened plakea to become inverted backward (Text- 
fig. 24) is seven minutes (11-6 A.M.-11-13 A.M.). And another 
22 minutes (11-13 A.M.-11-35 A.M.) was taken for the plakea to 
close up into a young colony (Text-fig. 27). So altogether the time 
taken for the v/hole process was 35 minutes. Hartmann (1924, 
p. 378) found that, in the case of JE. eJegans, it took a colony 
1-11 hours to complete this process. But he used material from 
agar cultures, whereas the observations recorded in the present 
paper were made from material collected fresh from the field. The 
inversion can easily be missed due to the shortness of the time 
taken by the process. 

Cilia and Eye-bpot 

. Buring daughter colony formation the two cilia of the rnotlier- 
cell of the colony remain attached to one of the peripheral cells 
of the developing plakea. The two cilia can be traced inwards 
from the surface of the mother- wall to one of the cells of the plakea. 
Before the mother-cell begins to divide, the protoplast first con- 
tracts somewhat away from the wall at the sides. When the proto- 
plast divides the innermost wall layer as already pointed out, 
(p. 121), also expands a little through gelatinisation, and the space 
between it and the dividing protoplast increases. With further 
division, the space between the old mother -wall and the developing 
plakea becomes still greater. But the connection between the two 
cilia of the original mother-cell and the dividing protoplast is main- 
tained throughout the development of the plakea. The two cilia 
of the original mother-cell can be seen attached to one of the cells 
of the plakea (Text-figs. 13-15). The cilia portion in the empty 
space between the old mother- wall and the plakea is evidently 
formed by the dividing protoplast as it contracts away from the 
wall. Merton has figured this in the case of Fleodorina illinoisensis 
(Merton, 1908, p. 470, Text-figs. 1 and 2). He states that the two 
original cilia of the mother-cell persist and are found attached to 
one of the cells of the developing plakea. He also states that the 
developing plakea is kept fixed in a definite position inside the old 
mother -wall by means of the two old cilia. The colony is able to 
move inside the vesicle, Brut-hole only after their own cilia 
are developed. In Hartmann’s figures of the inversion of the colony 
in F. elegans, the two cilia of the original mother-cell are shown 
as persisting on the original mother-wall, but they are not shown 
as being connected with any of the cells of the developing plakea 
(Hartmann, 1924, Eig. A, p. 379). There is also no reference to 
such a connection in the text of bis paper. lyengar^^ found in 
E. elegans that the two original cilia are connected for quite a long 
time with one of the peripheral plakeal cells. He very often found 


*Fi*om unpublished notes and figures kindly furnished by Prof. Iyengar, 
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that one of the mother cilia was connected with a peripheral cell 
of the plakea, while the other was connected with another cell which 
was situated at the opposite corner 'of the plalcea (Text-fjgs. 16, 17). 
This is evidently according to him, brought about by the original 
protoplast dividing between the two ciliary portions. When the 
daughter colony is fully formed and is showing vibratile movements 
within the mother-cell vesicle, the two cilia can be very well seen 
attached to the wall of the mother-cell, but the inner connections 
of these to one of the cells of the daughter colony are no longer 
■■seen.. 

The* e3m“Spot also remains in one of the cells. The eye-spot 
and the cilia of the mother-cell are on quite different cells (Text- 
figs. 13-15). Merton (1908, p. 469) has observed both on the same 
cell. The eye-spot remains bright for a time, but after the 16- and 
32-celled stages, it is difficult to observe it. 

After inversion, the daughter colonies remain moving inside 
the vesicle of their mother-cells for some time. The vesicles of the 
daughter-coenobia disappegir soon after. The daughter colonies 
finally escape outside by the gelatinisation of the wall of the mother 
coenobium. Only in one case were the daughter colonies observed 
to escape singly one after the other from an opening at the posterior 
pole of a mother-coenobium. It was not dear whether this was 
a natural method or due to the pressure of the cover glass on the 
colony. 

In the young colony just liberated the cells are very close 
together with hardly any space in the centre. The central space 
becomes noticeable only after the cells begin to enlarge and develop 
their mucilaginous wall layers. The colonies are at first oval or 
globose and become egg-shaped when they reach their adult condi- 
tion. At first all the cells are of the same size and increase in size 
equally for a time. The cells of the first tier stop their growth 
and a little later the cells of the second tier also stop their growth. 
But the cells of the hinder tiers continue to grow until they all 
reach a fairly la;Tge size. In a young colony that has just escaped 
from the mother-coenobium all the cells have a single pyrenoid 
each. As the cells increase in size, the number of pyrenoids also 
increases. The pyrenoid formation stops after the cell reaches its 
full size. In the case of the cells of the first two tiers, since they 
stop their growth very soon, the increase in the number of the 
jpyrenoids is only very small, i.^., about 2-4. In the case of the 
cells of the other tiers, since the increase in cell size goes on much 
longer, the increase in the number of pyrenoids also goes on in- 
creasing upto about 8-13. Iyengar (1933, p. 335) has noted such 
an increase in the number of py^renoids in ,E. illinoisensis and 
U, indica. 
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Table I 


Behaviour of the cells of the different tiers in the 


Specimen I 
1st tier 
2iid tier 
3rd tier 
4tli tier 
5tli tier 

6tli tier 

7th tier 


dividing colonies 

4 undivided cells 

8 undivided cells 

9 undivided cells, 3 sperm bundles 
2 undivided cells, 10 sperm bundles 

1 undivided cell, 7 in plakea stages, 
4 sperm bundles 

1 undivided cell, 1 in plakea stage, 
10 sperm bundles 
4 sperm bundles 


Specimen II 
1st tier 
2nd tier 
3rd tier 
4tli tier 
5th tier 
6th tier 
7th tier 

Specimen III 
1st tier 
2nd tier 
3rd tier 

4th tier 

5tb tier 
6th tier 
7th tier 

Specimen IV 
1st tier 
2nd tier 

3rd tier 
4tli tier 
5th tier 
6th tier 
7th tier 

Specimen V 
1st tier 
2nd tier 
3rd tier 
4th tier 
5th tier 
6th tier 
7th tier 


4 undivided cells 

4 undivided cells, 4 in plakea stages 
2 undivided cells, 10 daughter colonies 
12 daughter colonies » 

12 daughter colonies 
12 daughter colonies 
4 daughter colonies 

4 undivided cells 
8 undivided cells 

7 undivided cells, 2 daughter colonies, 

3 sperm bundles 

2 undivided cells, 2 daughter colonies, 

8 sperm bundles 

3 undivided cells, 9 sperm bundles 
12 sperm bundles ‘ 

4 sperm bundles 

4 undivided cells 

5 undivided cells, 2 in plakea, 1 small 

daughter colony 
12 daughter colonies 
12 daughter colonies 
12 daughter colonies 
12 daughter colonies 
4 daughter colonies 

4 undivided 

8 undivided 

10 daughter colonies, 2 sperm bundles 
12 sperm bundles 
12 sperm bundles 
12 sperm bundles 
4 sperm bundles 
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Specimen VI 
1st tier 4 undivided 

2nd tier 8 undivided 

3rd tier 12 sperm bundles 

4th tier 12 sperm bundles 

5th tier 12 sperm bundles 

6th tier 12 sperm bundles 

7th tier 4 sperm bundles 

Specmen VII 
1st tier 4 undivided 

2nd tier 7 undivided, 1 sperm bundle (small) 

3rd tier 4 undivided, 8 sperm bundles 

4th tier 1 undivided, 11 sperm bundles 
5th tier 12 sperm bundles 

6th tier 12 sperm bundles 

7th tier 1 daughter colony, 3 sperm bundles 
Specimen VIII 
1st tier 4 undivided 

2nd tier 8 undivided 

3rd tier 1 undivided, 11 daughter colonies 

4th tier 7 undivided, 5 daughter colonies 

5th tier 4 undivided, 8 daughter colonies 

6th tier 2 undivided, 10 daughter colonies 

7th tier 4 daughter colonies 

The cells of the front two tiers are generally somatic, but very 
occasionally the cells of the second tier show a tendency to divide 
(see Table I). Specimen II shows 4 undivided cells while the other 
4 cells of the second tier are in various plakeal stages. Specimen 
IV has 5 undivided cells in the second tier, while of the remaining 
three two are in plakeal stages and the third has already reached 
the daughter colony stage. In Specimen VII, 7 cells of the second 
tier are somatic while one has formed a small sperm bundle. It may 
be seen from these cases that the small anterior cells, though somatic 
in general, occasionally show a tendency to divide. Iyengar (1933, 
pp. 337-39) found the four front cells of A7. illinoisensis showing 
division and occasionally even forming sperm bundles. Grove 
(1916, p. 176) also found the front cells showing divisions. 

Often the anterior portion of a colony with only the two front 
tiers of somatic cells were found in the material. These are evi- 
dently portions of dividing mother colonies which were left behind 
intact after the escape of the daughter colonies from the posterior 
portion of the colony. The cells of the second tier, in these were often 
found to show some division stages for a longtime. These anterior 
portions were kept under observation for a long time. They did not 
show any further division stages, but degenerated and died out. 

Somatic Mitosis 

The resting nucleus ^ — The nucleus is situated in the anterior 
portion inside the hollow of the cup-shaped chloroplast. It is 
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splierical but often elongated and contains a large deeply staining 
luieleoliis. Tiie outer nucleus appears clear, but in very favourable 
preparations a faintly stained reticulum could be scon in it. In 
addition to the nucleolus a small darkly staining granule could be 
seen (Text-fig. 28; PI. Ill, Fig. , 10) quite similar to what Hartmann 
(1921, p. 230) observed in E. elegans. Hartmann found that this 
body in F. elegans divides into two and the spindle is formed bet-weeii 
them. Later on the two bodies are found at the two poles of the 
spindle at nietaphase. From this behaviour, he thought that this 
dark body should be considered as a centriole. In the present alga 
the division of this dark body into two and the formation of the 
spindle between them could not be seen. But, during^ metaphase, 
two dark bodies are seen, one at each pole of the spindle (Text- 
figs. 32, 37 ; PL III,. Fig. 16), not quite unlike the centrosomes figured 
by Hartmann (1921, Taf. 2, Fig. 14). It is just possible that the 
two bodies found at the poles of tbe spindle during metaphase were 
derived from the single dark body found in the resting nucleus. 

The normal resting nucleus in a fully developed cell is about 
4-5 /X in diameter, but at the beginning of the prophase, it becomes 
slightly enlarged and measures about G-Tp,. The reticulum in the 
outer nucleus becomes somewhat more deeply stained and the 
chromatin material can be seen as many tiny dark bodies imbedded 
in it (Text-fig. 30 ; PI. Ill, Fig. 11). A little later, long thread-like 
structures could be observed in the outer nucleus. These thread- 
like structures condense still further and form, the chromosomes. 
At this stage the nucleolus is still quite intact and darkly stained 
(Text-fig. 31 ; PL III, Fig. 12). The chromosomes are slightly longer 
than those in the metaphase stage. A count made in this prophasc 
stage shows ten chromosomes. 

The spindle is intranuclear and is first seen in metaphase. 
At about this time the nucleolus disappears and a little later the 
nuclear membrane also disappears. The chromosomes are short 
and rod-shaped and lie in a plate at the equatorial region of the 
spindle (Text-fig. 32), The number of chromosomes counted from 
the polar view is 10 and this number agrees wnth the number 
obtained from a count in the late prophase stage also (Text-fig. 33 ; 
PL III, Fig. 13). Ten chromosomes have been recorded in E, elegans 
by Hartmann (1921), and in E. ilUnoisensis by Hovasse (1937). 
But Merton (1908) recorded twelve chromosomes in Fleodorina ilU- 
noisensis {E. ilUnoisensis), 

In the anaphase, the daughter chromosomes move towards the 
poles (Text-fig, 34 ; PI. Ill, Fig. 15). A little accumulation of cyto- 
plasm is seen at the ends of the spindle poles. It is very much 
like that figured by Hovasse (1937, PL YLII, Fig. 24) in E, illi- 
noisensis. At the telophase each group of chromosomes re-organises 
into a daughter nucleus with a distinct nucleolus and a faint 
reticulum round it. In some of the preparations, at the two-celled 
stage, the nuclei were observed to contain more than one (usually 
two or three), darkly staining bodies within them (Text-fig. 35). 




Text-Figs. 2S-4B. Budorina indica ljenga.T, Fig. 28. A ceil with 
a resting nucleus inside which is a nucleolus and a centriole (X 1205). 
Fig. 29. Cell showing the nucleus, two rhizoplasts and the basal granule 
of the cilia ( X 1205). Fig. 30. Eai*ly prophase showing chromatic concen- 
tration ( X 1205). Fig. 31. Late ■ prophase showing lO chromosomes in 
the outer nucleus ( X 1206). Fig. 32. Metaphase and spindle showing 
centrosome-like bodies at the poles ( X 1205). Fig. 33, Polar view of 
metaphase showing 10 chromosomes ( X 1205). Fig. 34. Anaphase 
( X 1205). Fig. 35. Cleavage of the protoplast after nuclear division 

(X 1205). Fig. 36. Two-celled stage (X 1205). Fig. 37. Two-celled 

stage with the nucleus of one of the cells at metaphase stage. Centro - 

some-like bodies are seen at the poles of the spindle ( x 1205). Fig. 38. 

Two-celled stage with the nuclei of the cells in early anaphase stages 
(X 1205). Pig. 39. Four-celled piakeas ( X 1205). Figs. 40-41, 8- and 
16-celled plakeas with all the nuclei in metaphase stage. Fig. 40 ( x 1205 h 
Fig. 41 (x 956). Fig. 4.2. Cell with a; pyrenoid in which the pyreno- 
crystal has already divided into two inside the still undivided starch sheath 
( X 440). Fig. 43. Cell with the pyreno-crystal of a pyrenoid constricted 
( X 440). Fig. 45. Four-celled plakea in section showing three cells with 
their 'nuclei in late anaphase stages ( X 956). Figs. 34-46. Cells with 
elongated pyrenoid ( X 440). 
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Finally wlien tlie two cells are fully organised only one dark 
body/tlie nucleolus, is seen wdtMn tlie nucleiis. 

Cell-division takes place immediately after the nuclear division 
is complete. A fine eleava>ge-furrow^ is formed at eitliei* end of the 
cell in a longitudinal plane (Text-fig. 35). This furrow finally 
divides the cell into two. In the subsequent divisions the mitosis 
is quite similar, only the nuclei get smaller as the divisions proceed. 

PYEEXOIDS AND TIIEIU BeHAYIOUE 

Whether the pyrenoids arise de novo or through the division of 
a pre-existing one is still a disputed point. Carter (1926, pp. OfiO-TO) 
has given a brief account of the observations of the earlier workers. 
Goroschankiii (1875) reports that pyrenoids disappear during divi- 
sion in F. elegans. Merton (1908, p. 460) thinks that de novo 
formation is possible because of the diversity in the size of the 
pyrenoids. Grove (1916) found no visible pyrenoids in the young 
daughter colonies and concluded that they must be formed de novo, 
Hartmann (1919) found that the pyrenoids in Chlorogonium elonga'- 
turn gradually dissolved at the first nuclear division, leaving foi 
a short time several darkly staining portions. They disap|)ear in 
early prophase and reappear in young daughter cells. Haitmann 
(1921) found that in one strain of U, elegans only one pyrenoid was 
found in each cell. This pyrenoid divided regularly along with 
the division of the chromatophore. In another strain of the alga, 
several pyrenoids were found in each cell. In this he observed an 
increase in the number of pyrenoids upto 32, and each of the 
daughter cells eventually possessed one pyrenoid. Zimmeimann 
(1921, p. 264) at first considered that the pyrenoids arise de novo 
in Volvox but later on he revised his opinion after, a stud}^ of the 
living material and came to the conclusion that they arise 
through division (Zimmermann, 1925). Geitler . (1926, p. 142) 
states that pyrenoids generally appear to dissolve at the beginning 
of s warmer-formation. Carter (1926, p. 670) ^vhile working 
on Viva lackiea, recognises twm kinds of processes, (1). a solution 
process and (2) a fragmentation process with the dispersion of the 
fragments throughout the chloroplast. She considered that both 
these processes might go on at the same time in all the cells. 
Pocock (1933, p. 552) considers that there is enough evidence in 
microtome preparations as well as in living developing daughters 
of VolvocG to show that pyrenoids divide. 

In the present alga, the author found plenty of evidence for 
the division of the ppenoid in the microtome preparations. During 
division, the pyrenoid as a whole including both the starch sheath 
and the pyreno -crystal lengthens and then the pyreno-crystal divides 
into two while still surrounded by the starch" sheath. Later on, 
the starch sheath also divides and the entire structure divides into 
two halves by constriction (Text-figs. 42-44 and 46). In the divid- 
ing cells the number of pyrenoids is larger, but the sizes of the 
pyrenoids gradually becomes smaller and smaller. These pyrenoids 
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become so small that at first sight the dividing cell appears as if 
devoid of any pyrenoids, but a careful examination of tlie sections 
shows a large number of minute pyrenoids which at first sight 
appear as very small darkly stained granules. In the cell of the 
young daughter colony, it is very difficult to make ouu the pyrenoid, 
but it becomes visible when the colonies grow a little larger. At 
first only one pyrenoid is found in each' cell of the very young 
daughter colony. 

Sexual Eeproduction 

The colonies are asexual or sexual and dioecious. In the 
sexual colonies, as in the asexual ones, the front 12 cells are somatic, 
while the remaining cells form either antheridia or oogonia. In a 
number of sexual colonics (both male and female) some of the 
reproductive cells formed daughter coenobia instead of antheridia 
or oogonia (Tahle I, p. 126). 

Demloprnent of the antheridia— The antheridia. contain in some 
cases 32 and in other cases 64 sperm-cells. The antheridial initial 
divides by a series of divisions and forms a plakea. The details 
of cell-division are quite similar to those of the daughter colonies. 
The plakea throughout its development is enclosed within the 
vesicle formed by the gelatinised wall of the antheridial mother- 
cell. The two cilia of the parent cell remain attached to one of 
the plakeal eels (Text-fig. 47). Occasionally the two mother cilia 
are attached to two separate cells of the develoihng plakea. 

Inversion of the sperm b^mdle,—AB already mentioned inversion 
of the daughter colony has been recorded in Volvox by several workers 
(Powers, 1908; Kuschakewitsch, 1923 ; Zimmermann, 1925; and 
Pocock, 1933). But Pocock (1933, p. 581) found that inversion takes 
place during the formation of the sperm bundles also in Volvox. In 
Eudorina elega 7 is /Hsbitmmn (1924) found that inversion takes place 
during the formation of daughter colonies. But he does not say 
anything about the occurrence of inversion during the formation of 
the sperm bundles in the alga. Pascher (1927, p. 437) states that in 
Eudorina the plate of cells which are to form the sperm bundles does 
not curve and show any inversion. Pritsch (1935, p. 115) states that 
the sperm bundles of are formed by successive division 

folloAving the same sequence as in ordinary vegetative multipli- 
cation, but usually culminating in the production of 64 units and 
unaccompanied by any appreciable incuriing of the resulting plate. 

Professor Iyengar and the author found that in Eudorina elega^is 
inversion takes place not only in the daughter colonies but also 
in the sperm bundles. Unfortunately the author missed recording the 
process in the living material of E. hidica^ but a careful examination 
of the preserved material of E- indica shows clear indications that 
inversion takes place during the formation of the sperm bundles 
in this alga also. The antheridial plakea in E. mdicu is at first fiat, 
but, in the later stages, the plakea becomes definitely cup-shaped 
(Text-fig. 47 ; PI. II, Fig. 9). The concave side of the cup-shaped 

9a ' ^ 
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Text-Figs. 47-55. Eifdorina indica Iyengar. vStages of inversion 
during the development of sperm bundle. Fig. 47. Plakea, cup -shaped, 
with its concave side directed towards the outside of the colony at the 
beginning of the inversion ( X 1150), Fig. 48. Cup-sliaped plakea ilatten- 
ing during inversion (X 1150). Fig. 49. Plakea getting more flattened; 
cilia at the outer end of the cells ( X 1150). Fig. 50. The plakea getting 
curved outwards ; orientation of the whole plakea just beginning ( x 1150). 
Figs. ‘51-54. Further stages in the orientation of the sperm bundle on 
its own axis (X 1150). Fig. 55. Fully formed sperm bundle ( X 1150).,, 
Mother-cell cilia attached to one of the plakeal cells in Figs. 47-49. Attach- 
ment of the mother cilia with the plakeal cell broken oS at the beginning 
of the onentation in Fig. .50. Mother cilia not connected with the plakeal 
cell, though remaining very close to the plakea in Figs. 51-55. 


plakea is directed to the outside of the mother-colony. At this 
stage inversion commences, and the cup-shaped plakea begins to 
curve in the opposite direction. As a result of this inversion, the 
cup-shaped plakea becomes fiat once more. About this stage the 
cells of the plakea become slightly elongated at right angles to the 
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plane of tlie plakea, and at the same time the beginnings of the 
cilia could be just seen at the ends of the plakeal cells directed to 
the outside of the colony. The two cilia of the mother-cell of the 
plakea could be still seen attached to one of the cells of the plakea 
(Text-fig. 49). As the inversion continues the plakea becomes 
slightly curved outside, i.e., its convex side becomes directed towards 
the outside of the colony (Text-fig. 50). The individual cells of the 
plakea then become slightly broader towards the outer (ciliary) end 
and narrower towards the inner end. After this the whole plakea 
shows a peculiar orientation movement. It turns gradually on its 
own axis as it were to about 180°. Before the commencement of 
this orientation movement the ciliary ends of the cells of the plakea 
are all pointing towards the outside of the colony. But after the 
completion of this movement, the ciliary ends of the cells are all 
pointing towards the inside of the colony (Text-fig. 54). During 
this process of orientation, the attachment of the two cilia of the 
old mother-cell with the one or two plakeal cells becomes broken ofi 
at the base of the cilia. At first sight the two cilia appear as if 
they are attached to the orienting bundle, but a careful examin- 
ation shows they are not actually connected with it but are merely 
remaining very close to it. Merton (1908, PL XXVII, Fig. 6) has 
figured a bundle in this condition. He has however shown the 
two mother-cilia attached to one of the cells of the bundle. But 
the present study shows that the connection between the mother 
cilia and the cell of the antheridial bundle is only ’apparent and 
not real, since this connection becomes broken off at the beginning 
of the orientation movement of the plakea. 

By the time the orientation is completed, the cilia of the anthe- 
ridial cells are fully developed and the bundle begins to show 
oscillatory movements inside the vesicle. Soon the vesicle dis- 
appears and the bundles escape outside through the gelatinisation 
of the matrix of the mother colony. 

So here we see that a definite inversion takes place during 
the formation of the sperm bundles. The inversion process is quite 
similar to that of the daughter colony upto the stage when the 
cup-shaped plakea becomes flattened once again. After this stage, 
in case of the daughter colony, the inversion process continues 
until the plakea becomes completely curved backwards and closes 
up finally into a more or less spherical colony with the cells dis- 
posed all-round and with their ciliary ends directed outside. But, 
in case of the sperm bundle, the inversion process continues only 
for a shorter duration, Le., upto the stage when the plakea becomes 
slightly curved backwards. The plakea here does not close up 
completely into spherical structure as in the case of the daughter 
colony, but becomes only a somewhat hemispherical structure. 
And, since the cells of the plakea ultimately become broader near 
their outer cilia bearing ends and narrower towurds the opposite 
ends, the concave (inner) side of the x>iakea becomes very much 
reduced in size, while its convex (outer) side becomes very much 
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broadened. Wlien the antheridial bundle is fully formed the 
concave side appears merely as a smsbil depression at its posterior 
end (Text-fig. 55). 

The peculiar orientation movement of the w^iole piakea tlirougli 
180° has nothing to do with the process of inversion, though the 
final stages of the inversion may be going on while the piakea is 
slowly getting oriented. Why this orientation takes place is not 
clear. But every bundle becomes oriented in, this way before the 
cilia are fully developed and the whole bundle begins to show any 
active movement by means of its fully formed cilia. 

The bundles after escaping swim freely in the water for a long 
time, all the while rotating on their own axes. Several bundles 
could be seen liovering a long time round a female colony and 
finally break up into tlie individual sperms. The sperms when 
free reach the oogonia and move very actively round the eggs. 

The sperm is elongated and spindle-shaped and is broader in 
front and very narrovvdy elongated behind and measures 2~4 p wide 
at its broadest part and 12-14 p long. Its two cilia are about 
IJ- times as long as its body. They are attached not apically but 
a little below the apex behind a small beak-like anterior end 
(Text-fig. 8; PI. II, Pig. 8). The chloroplast of the spermatozoids 
is faiutly green. It contains a single small pyrenoid. In its anterior 
hyaline part are seen a single nucleus and an eye-spot. The nucleus 
is seen only in stained preparations. 

Development of oo^oma.— Mature female coenobia can be well 
distinguished from the male or asexual colonies by their rich deep 
green colour. The fully developed antheridial initial of the male 
colony is not so green as the fully developed oogonial initial. The 
gelatinous matrix of the fully developed female colony gradually 
breaks down and becomes softened. The thick outer gelatinous 
layer of the walls of the egg cells also is soon lost, but the ceils are 
still surrounded by their inner thin firm membrane. After a time 
even this is lost by gelatinisation and the cells lie loose wdthin the 
soft gelatinous matrix of the colony. The cells still retain their 
cilia, become slightly pear-shaped and show a slight movement inside 
the loosened matrix (Text-fig. 9 ; PL II, Fig. 5). The movement is 
more or less oscillatory and confined to a very limited space. 
Number of sperm cells come and swarm round the egg cells. They 
are often seen crowding over them but after a time leave off and 
swim away without ejecting fusion. Single egg cells were often 
found moving slightly away from the general matrix of the 
coenohium and were then surrounded by the male cells, hut 
even here no fusion could he observed. Actual entry of the 
sperms into the egg vras not seen even in a single case, nor were 
four ciliated oospores observed, even though a number of egg-cells 
surrounded by sperm cells were observed continuously for a long 
time. Some time after the swarming of the male ceils the egg^ 

cells were found to have lost their cilia and become round once 
again and to have formed walls round themselves. 
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Towards tlie end of tKe season the .colonies float np in large 
numbers forming a greenisli frothy scum at the surface. The 
gelatinous envelope of most of the coenobia loses its firm smooth 
outline and becomes somewhat loose and sticky and soon gets 
covered by adhering silt particles (Ph I, Pig. 6). Plenty of sperm- 
cells are found round the cells inside these colonies showing clearly 
that these are female colonies. Whether these thick" walled cells 
represent fertilised egg-cells or merely vegetative cells covered with 
thick walls as a preparation for perennati on could not be made 
out. These cells show a certain amount of resemblance to the 
aplanospores of U. elegans as fi gured by Pascher (1927, Pig. tOO), 
but the walls of the resting cells in the present alga are not crenate 
as figured by Pascher in P. elegans, but are quite smooth. As the 
pool dried up, the frothy floating scum containing countless 
gelatinised colonies and also plenty of vegatative colonies dried up 
completely. 

Iyengar (1933, p, 311), when he first described this species, 
found only one colony forming daughter colonies in his material. 
Prom the behaviour of this dividing colony and also from the fact 
that the cells of the two front tiers were smaller than the rest, 
he suggested, that the front two tiers are somatic and that the 
remainder were reproductive. The present investigation on the 
living alga fullv confirms this suggestion. In the case oi Gonium 



Text-Pigs. 56-62. Some colonial Volvocales. Fig. 56. Gonium 'fecto- 
rale Miill. (after Hartmann). Fig. 57. Pandorina morum (Mull) Bory 
(after Pringslieim). Pig. 58. Budorina elegans Ehr. (after Hartmann). 
Pig. 59. J?. illinoisensis. Pascher (Pleodorina illinoisensis Kofoid) (after 

Kofoid). Pig, 60. E. indica Iyengar (after Iyengar). Pig. 61. Pleodo- 
rina calif ornica Shaw (after Chatton). Pig. 62. P. splicer ica Iyengar (after 
Iyengar). ' 
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peetcnde MlilL Fandorina momm (Miill) Bory md JJ. elegans Ehrenl)., 
all the cells are reprodnctiye thougli the cells of the froEt tier in 
Fudcrina ele gems showed a slight tendency to become smaller and 
to behave differently from the remaining cells (Iyengar, 1933, p. 333). 
In the case of B. iJUnoisensis (Kefoid) Pascher the front four cells 
have become somatic though still showing a tendency to divide 
frequently. In the case of jB. indica Iyengar the cells of the front 
two tiers^have become somatic, though they may shoAv a tendency 
to divide. It may however be mentioned that this tendency to 
divide is seen more in the cells of the second tier than in those 
of the first. In Fleodorim californica Shaw, the process of sterilisa- 
tion has gone still further, the cells of the anterior half of the 
colony becoming somatic and the remainder being reproductive in 
nature (Fritsch, 1935, p. 115). In P. splicerica Iyengar (Iyengar, 
1933, p. 343) the sterilisation has gone still further, a number of cells 
in the posterior portion of the colony also becoming somatic. This 
is a step leading definitely towards an organisation found in Volvox 
where an extremely large number of cells in the posterior portion 
of the colony has become somatic, only a few cells retaining their 
gonidial nature. Iyengar from a study of his preserved matei’ial 
of this alga suggested that P. indica stands between P. illinoisensis 
and Fleodcrina californica. The present study of the living material 
of the alga fully confirms this suggestion. 

Summary 

An account of the life-history of Endorina indica Iyengar as 
studied from the living material is given in the paper. 

The colony' contains 64 cells in seven tiers of 4, 8, 12, 12, 12, 
12 and 4 cells respectively. The cells of the first two tiers are 
smaller than those of the remaining tiers. They are somatic and 
serve to direct the colony. The cells of the remaining tiers are 
reproductive in nature. The colonies are either asexual or sexual. 
The sexual colonies are dioecious. 

The reproductive stages of the alga commence only after the 
alga has remained in a vegetative condition for a very long time. 

The stages of development of the daughter colony are quite 
similar to those of E. elegans. Inversion takes place during the 
formation of the daughter colony. 

Inversion takes place during the formation of the antheridial 
bundle also. As the inversion is nearing completion, the whole 
bundle becomes oriented on its own axis to about 180°. 

The spermatozoids when free, swim towards the female colonies 
and swarm round the egg cells. But no case of actual fusion was 
observed even though numerous female colonies in which the 
spermatozoids were actively swarming round the eggs were kept 
under continuons observation for quite a long time. 

Somatic mitosis w^as studied in detail. The number of chromo- 
somes is ten. Ill the resting nucleus, close to the nucleolus, a small 
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darkly staining body was observed similar to the one described 
by Hartmann in E, elegans, 

Tbe pyrenoids in tbe present alga appear to arise tliroiigli tlie 
division of pre-existing pyrenoids and not de novo. 

This alga is more advanced than E, illinoisensis and stands 
between it and Pleodorina calif ornica. 

The author vdshes to express his great indebtedness to 
Prof. M, O. P. Iyengar, M.A., ph.D. (Loud.), f.l.s., for his constant 
guidance and help during the course of this investigation and in 
the preparation of this paper. His sincere thanks are also due to 
the authorities of the University of Madras for the award of a research 
scholarship during the tenure of which the present investigation 
was carried out. 
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EXPLANATION OF PLATES 
Fudorina indiea Iyengar 
Plate TI 

Fig. 1. Vegetative colonies both 32- and 61-celled. ( X 62.) 

Fig. 2. A colony with fully developed cells about to divide. ( x 236.) 
Fig. 3. A dividing colony. { x 132.) 

Fig. 4. A portion of a dividing colony. Note the mother-cell cilia 
attached to a few developing daughter coenobia- { X 276.) 

Fig. 5. A naked egg cell with its two cilia still attached. ( X 494.) 

Fig. 6. A group of colonies about to hibernate (?), Note the loosened 
gelatinous matrix covered by silt particles. ( X 35.) 

Fig. 7, ‘Plakea of the developing sperm bundle flattened. ( X 350.) 

Fig. 8. Spermatozoids swarming round the egg cell. ( X 494.) 

Fig. 9. A portion of a dividing colony; note the cup-sha|)ed i>lakea of 
the developing sperm bundle just before inversion. { x 350.) 

Plate III 

Fig. 10. A. cell showing resting nucleus with the nucleolus and a centriole. 
( X 2018.) 

Fig. 11. Early prophase. { X 1835.) 

Fig. 12. Late prophase showing chromosomes and the persisting nucleolus. 
( X 1835.) 

Fig. 13. Polar view of metaphase. ( X 1835.) 

Fig. 14. Metaphase ; note the nucleolus has disappeared. ( X 880.) 

Fig. 15. Anaphase. (X 1835.) 

Fig. 16. 2-celled plakea with the nucleus of one of the cells in metaphase. 
( X 1835.) 

Fig. 17. An 8-celled plakea with all the nuclei in metaphase. ( X 1282.) 
Fig. 18. A 16-celled plakea showing all the nuclei in nietaphase. ( X 853.) 
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FLOWERING- PLANT FROM 8. BURMA 


SYSTEMATIC POSITION OF A LITTLE KNOWN 
FLOWERING PLANT FROM SOUTH BURMA 

By K. Biswas, M.A., D.So. (Eraw.), E.E.S.B. 

Superintendent^ Royal Botanic Garden, Calcutta 

Received for publication on July 20, 1910 

Examination of the original Waliicli’s specimens proves tliat there 
exists considerable confusion in some of them as, regards the correct 
systematic position. Such confusion in many cases is evidently 
due either to incomplete materials or hurried determination. Two 
Wallich’s specimens collected in 1827 from South Burma illustrate 
that they are two distinct plants belonging to two different families 
although the sheets bear the same name {Microiropis longifolia 
Wall.) and the same Wallich’s number 4339. Prof. E. B. Merrill 
of the Harvard University, U.S.A., while revising the genus Micro- 
tropis was furnished with a sketch of Wallich^s 4339, collected from 
Tavoy on the 2nd. October 1827, together with a note from Mr. V. 
hTarayanaswami who rightly considered these two wailiehian sheets 
as two separate species. His decision was based on the character of 
the fruit, only one of which was found along with the Wallich’s 
sheet mentioned above. Wallich’s sheet Ho. 4339, collected from 
Tavoy on the 4:th. November 1827, is a Balacia, and it is entirely 
different from the other specimen, a Microtropis^ collected on the 
2nd October from Tavoy bearing the same number. 

Prof. Merrill consulted the Kew authorities who declared that 
all the Wallich’s sheets Ho. 4339 were nothing but Salacia flavescens. 
On account of the difference of opinion between Kew and Calcutta 
and as far as could be made out from the sketch sent to Br. Merrill, 
Br. Merrill could not definitely fix the correct systematic position of 
the two sheets of Wallich differing from each other. Prof. Mexrill 
finally referred the question to me in the following words : — 

I am still puzzled regarding Microtropis longifolia Wall., i.e., 
Wallich 4339 in the Calcutta Herbarium which we did not 
see but of which you courteously sent an excellent drawing. 
I am including it as a valid species, but Airy-Shaw wrote 
me from Kew that all the materials of Wallich 4339 at Kew 
actually represented Salacia flavescens Kurz. If you can 
find time to do so, cannot you critically re-examine Wallich 
4339 in the Calcutta Herbarium, compare it with Salacia 
flavescens Kurz, and let me know what you think about it 
that is is it Microtropis or is it the Salacia ? Superficially 
there is much resemblance between the two otherwise 
totally different species.’^ 

My careful scrutiny of the sheets of Microtropis with special reference 
to M. longifolia Wall. (Ho. 4339) reveals that the two Wailiehian 
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slieets are undoubtedly separate species and belong to two different 
families. Wallicli’s sbeet No. 4339j a leafy specimen collected from 
Tayoy on tbe UK November 1827, is a Salaeia belonging to tlie family 
Hippocrateaeeaej and tbe sheet No. 4339, a fruiting specimen collected 
from Tavoy on tbe 2nd. October 1827, is a Mierotropis belonging to 
tbe family — Gelastraeem. My definite decision is based not only 
on tbe fruiting and leafy specimens but also on two complete 
flowering specimens, one from tbe same locality as that of Wallicb’s 
and tbe other from tbe District Tbaton, South Burma. These 
sheets were received in tbe Herbarium after a period of little over 
a century. The flowering specimen No. 6553 collected by Mg. Po 
Gbin, on the 2 Ath. March 1228, was correctly identified as Ificrolro- 
pis longifolia by Mr. Y. Narayanaswami as it agrees with Wallicb’s 
4339 of October 1827. In scrutinising these sheets Prof . Merrill , 
even without seeing tbe fruiting specimen of Wallich’s type, con- 
sidered it a new species and suggested a new name if. pachypliylla 
Merr. & F. But this specimen is a true Mierotropis longifolia. 
This was already determined as such by Mr. Narayanaswami and 
confirmed by the writer. Prof. Merrill was definitely informed 
about the identity of these sheets in our ootes and correspondence. 
It was expected that he will make necessary modifications in bis mono- 
graph on the genus Mierotropis taking M. longifolia as a genuine 
species and deleting or sinking in it his suggested name M. pachy- 
pJiylla. The specimen No. 13105, collected from Tavoy by Maung 
Ba Pa on tbe 7tli. Blarch 1932 is also an exact match of the Wallich’s 
fruiting specimen No. 4339 collected from Tavoy on the 2nd October 
1827 and marked by Wallich Mierotropis 7 longifolia WsbW 

The other Wallicb’s sheet No. 4339 is a leafy specimen collected 
from Tavoy on the AtJi. November 1827. This plant matches with 
Salaeia flavescens and should be taken as such. It is surmised that 
the controversy between Kew and Calcutta is due evidently to New 
Herbarium not possessing the sheet 4339, collected on the 2nd. 
October 1827, All the Wallich^s sheets 4339 of the AtJi. November 
and 4339 j3 are true Salaeia flavescens. Wallich sheets No. 4338 also 
are all diferent forms of 8. flavescens. The sketches of the recent 
plant of Jf. longifolia and the photo of the type sheet will clearly 
show the generic differences. The striking distinctions lie in the 
stamens and the capsule. 

Family — Gelastracece 

Stamens 5, inserted on the disk or on the tube of corolla. 
Fruit a capsule, elliptic with persistent calyx and surmounted, 
with a stout conical point, 2 valved, 1 celled, 1 seeded. . Micro- 
iropis. 

Family — Sippocrateaeem 

Stamens 3 rarely 4, continuous with the disk, recurved. 
Fruit large of the size of a plum, baccate, fleshy or more or less 
woody. .Salaeia. 

Up to 1873 Wallich's name on sheet No. 4339 {2nd. October 
1827) remained nomen nudnm< In 1873 S. Kurz in his Forest 
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Fiora^ of Burma added an insufficient but tecbiiicar description 
for tlie first time. 

Under tbe description of Kiirz., tlie name Jf, longi- 

folia witli tbe Wallicb^s 4339 was referred to by Lawson on page 625 
of tbe Flora of British IndiUj” YoL Ij 1875, as agreeing witb Balaeia 
fiavesGens in part. It bas also been noted under ILlatifoUa (a South 



Microtropis longifolia WaUicb. Fig. 1. A flowering branch (reduced f 
Nat. vSize) showing arrangements of leaves and inflorescence. Fig. 2. 
Magnified flower ( X 5)* and Fig. 3 showing dissection of floral parts ( X 5). 
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Indian Species) in Flora of Britisli India,” page 613, VoL I, 1875, 
as a synonym in part; But Gamble in bis. Flora of tbe Madras 
Presidency ” treats If. latifoUa as a separate species and does not 
mention about its any similarity to if. longifolia Wall. In fact 
comparison between Jf. latifoUa and if. longifolia points out that 
tbe two plants are entirely different from each other. I am describ- 
ing here tbe complete flowering and fruiting materials of 
if. longifolia Wall. I retain tbe Wallicb’s name as noted in Ms own 
bandwriting on tbe sheet 4339 of October 1827. The name is valid 
as Kurz added a description of the plant, though very inade- 
quate; in bis ^‘ Forest Flora of Burma,” Vol. I, poge2 50, 1877, and 
earlier {Fro Farte) in Latin published in the Journal of the Asiatic 
Society of Bengal, Vol. XLII, page 65, 1873. 

3Iierotfopis longifolia Wallicb 


if. longifolia Wallicb affinis if. filiformis King, folds 
acutis. Goriaceis, supra glabris, infra glauciscentis, nervis 
primariis lateralibus supra et infra inConspicuis, petioli late 
margenatis, inflorescentia sparce ramosa divaricata dichotoma, 
capsula oblongo-ellipsoidea, basi et apice leviter attenuata 
distincta. 


A much branched small tree, about 2-3 m. tall ; branchlets 
terete, glabrous, dark brown, sometimes almost black. Leaves 
exstipulate, shortly petioled, opposite, obovate, broadly elliptic, 
acute, cuneate at the base, entire, margin more or less revolute and 
somewhat cartillaginous, leathery, dark green and glabrous above, 
pale green and glaucous beneath, lateral nerve s 3-5 pairs, indistinct 
on both the surfaces, midrib impressed on the upper surface, promi- 
nent on the lower surface ; lamina 11-18 cm. long, 5-8 cm. broad ; 
petioles 8-16 mm. long, brown, glabrous, channelled, distinctly 
marginate. Inflorescence, cymose, sparsely dichotomously branched, 
extra-axillary divaricate; peduncles 1 -5-3 *5 cm. long subtended by 
a pair of bracts at the point of divarication ; bracts minute, about 
1 mm. long, -5 mm. broad, subulate, sharply acute, coriaceous. 
Flowers white, in pairs, bracteate, 5-8 mm. in diameter when fully 
opened, mature flower buds 2-4 mm. long, pedicillate ; pedicels 

1- 2 mm. long, glabrous; sepals 5, imbricate, 1-1*5 mm. broad, 
ovate, orbicular, coriaceous with a thin colourless minutely irregu- 
larly, toothed or somewhat fimbriate margin ; petals 5, white 
imbricate, slightly coriaceous, subequal, 3 mm. to 4 mm. long, 

2- 3 mm. broad, oblong, obovate rounded at the tips with thin colour- 
less irregularly minutely toothed or fringed margin, concave, some- 
what hooded at the apex, more or less covering the whorl of stamens. 


Stamens 5 inserted on the disk ; disk annular,, more or less cup-shaped 
with minutely fihriated rim ; filaments equal, 1-1*5 mm. long, shorter 
than the petals, slightly flattened at the base ; anthers equal, ovate, 
about 1 mm, long, -S-'S mm. broad. Ovary pyramidal more or less, 
3-cornered, 1mm. long, -5 mm. broad at the base; style almost 
absent ; stigma pointed. Fruit a capsule, one seeded, 12 mm. long, 
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6 mm. broadj obloiig-eilipsoidj sligMly attenuated towards tlie. base 
aiid'tlie apex with persistent calyx at tlie base, and crowned with a 
hard somewhat CGnieal 1 mm,- long persistent stigmatic point. 

Bouth . Burma : Tawcy, fruiting October, , Wallieh^s 
No, 4:339, 31ierotropis'^: longifolia'WBlLj 2nd. Ochj|>er, 1827, I^atha- 
liial Wallich — (Type in Calcutta Herbariniii), Senyatkokadin 
chg. TaYoy, flowering -March, flowers white, Manrig Ba Pe, 1th. 
March 1932, No. 13105 ; . Mierotropis paeJiypJiyUa Merrill and 
Freeman, Thaton, Yatliey-Taung,. alt. 830 m., 24ciJi March 1928, 
floweis wfliite, Mg. Po Chin No. 6553. Brandis llsTo. nil ; Herb. 
Snip. Kiirz ; Amherst District, Kyondo to siimmitt of Bawma 
Hills rM new read from Kawkareik to Tliingan-nliin-nanng, 
alt. 900 m. I. H. . Bnrkill, Ho. 30313, 3rd, March 1908, A. T. 
Gage, Tavoy, Hos. 9-17, 43 ; P.T. Bussell, Tawoy, Ho. 41 (now 
in Kew Herbarium). 

This species differs from the allied species Jf. filiformis 
King, in its thick leathery, acute leaves with indistinct lateral 
nerves and glaucous undersurface, marginate petiole, divaricate 
dichotomously branched cymose inflorescence and small (of the 
size of an almond-nut) woody capsule with persistent calyx and 
projecting stigmatic point at the apex. 

E. D. Merrill and F. L. Freeman in their paper on the Old 
world species of the Celastraeeous genus Microtro]3is Wallich,’’ 
published in the Proceedings of the American Acade’my of Arts and 
Sciences, Yol. 73, Ho. 10, pp. 298-299, May 1940, considered Mg. 
Po Chin Ho. 6553 and Bnrkill 30313 as new to science and described 
the species, as noted above, under the name — Jf. pachyphylla sp. 
nov. They also, from the insufficient data available to them, were 
of opinion that Jf. Wall, was from M. pachyphylla. 

The arguments put forward in support of their decision aie as follo^vs : 

42. Mierotropis paeliyph%jlla sp. nov. 

Burma : Yatheytaung, Theton District, . 6553, Mg. Po 
Chin, Forest Banger, type, 2ith. March 1928 (C, photo. A), a- 
small tree in rocky places, alt. 730 m., flowaws white ; Amherst 
District, Dawna Bange, Bnrkill 30313 (0) a small bush with 
white flowers, alt. about 900 m., 3rd. Mmcch 1908, wdthout local- 
ity Brandis, ^a?-herb. B. Kurz (G, photo A.). 

This from all specimens originally identified as re|)resenting 
Mierotropis longifolia Wall., is characterised by its coriaceous, 
obscurely nerved, pale, verruculose leaves, and differs from 
Wallich 4339, the type of Mierotropis longifolia Wall. ex. Kurz 
in its very much longer, many flowered, much longer peduncled 
cymes, those of Jf. longifoliaNfdM. ex. Kurz (in fruit )iiot exceed- 
ing the petioles in length. Although in his original descrip- 
tion of Wallich’s species, Joi^r. As. Soe. Bengal 42, (2) : 65. 18, 
1873, Kurz cites only Wall. 4339 {pro parte) he mentions 
the short cymes with peduncles 4 to 6 lines long, and describes 
the fruits, we feel confident that the form above described with 
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rather lax cymes irmcliexceediKg tlu'< pdiolcvS ixi leri^i^th iuul with 
peduncles 1*5 to 3*5 cm. long should not he planed in same 
category as Wallich 4339, a iruiting speeirnen, its sliorl 3 )edun" 
cled fruiting cymes scarcely equalling or only slightly (exceeding 
the petioles. 

43. Ilierotropis longifolia Wall., List Iso. 4330, 1830, 
nomen nudum, Kurz, Jour. As. Soc. Bengal 42 (2) : . 65. 1873 
dcscr., For. FI. Brit. Burma 1 : 250. 1877. 

Burma : Tavoy, Wallich 4339 (Col. Gomez) (0. holotype, 
photo, and drawing A). 

We are constrained to limit this species, for the present, 
to the type collection, Wallich 4339, with its holotype in th<‘ 
Calcutta Herbarium. Kurzhs Latin description of 1873, based 
on Wall. “ 4339 (pro parte) and his English one of 1877, 
appertain to the form here considered and the Wallich 
specimen in the Calcutta Herbarium was the source of his siDeciflc 
name. Other material named at Calcutta as representing 
Microtropis longifolia Wall, we place under 31. pachypliylla 
Merr. and Ereem., supra. Wallich’ s species is characterised 
by its elliptic to oblong-elliptic coriaceous, Yeiruclose, fairly 
ample, few nerved leaves and its short infructescences which 
scarcely equal or but slightly exceed the petioles in length. 
There has been some confusion regarding the species because the 
KeW sheet, of which we have an excellent photograph, has 
mounted with it a specimen of Salacea macropliylla Wall. 
(Supposedly = S. fla'veseens Kurz), which however has its own 
lable “ (303) 1584, tree. Tavoy, 2nd. October 1827 
This accounts for the Index Kewensis entry “ longifolia, Wall 
Cat. n. 4339 =latifolia, Salacia flavesceus The mixture 
was not in the collection but was due to an error in mounting 
two independent collections on the same sheet. 

We have seen no specimen of Wallich, 4339, our interpreta- 
tion being based on Knrz’s short description and a drawing 
of the sheet of Wallich’s specimen in the Calcutta Herbarium. 
Mr. Airy-Shaw, who examined the material at Kew^, states that 
he has no doubt as to its representing Salaeia flarescens Knrz. 
It may be that the actual specimen in the Calcutta Herbarium 
represents the Salacia ; it is a leafy branch with a single detached 
fruit. In such case Microtropis Wall, would be 

eliminated from the genus 

It will be ovbious that the confusion is due evidently to Merrill 
and Ereeman not having the opportunity of seeing the type sheet 
of Wallich’s If. longifolia. Their conclusions aie evidently not 
based on my observations which were communicated to them but 
reached them too late on account of the international situation. 
Due to this nnaviodable delay they were not able to modify their 
previous deductions. Therefore the only course now left to 
me is to reduce, as I have done under my full description of the 
species, Meriil and Freeman’s new species If. pachypliylla to 
If. longifolia Wall. 
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Microtropis longifolia Wallich. Photograijh of type sheet Wall, Cat. 
No. 4339, Tavoy, 2nd October 1827. Reduced 2/5th natural size. Drawing 
of capsule on top is now almost the same size in the photograph. 


K. BISWAS-SYSTEMATIC POSITION OF A LITTLE KNOIVN 
FLOWERING PLANT FROM SOUTH BURMA 




PE0T08JNTBE8I8 EEANTHEJITOI 8PP. 


147 


EFFECT OF ANTHOCYANIN PIGMENTS ON 
THE RATE OF PHOTOSYNTHESIS IN 
ERANTHEMUM SPP. 

By P. Se]S[, M.Sc. 

Bepartmeni of Botany, Banensliavj College, Cuttack 
(Communicated by P. Parija) 

Received for publication on August 24, 1910 
Inteobuctiok 

A LziEGE amount of work lias been done to study the effect 
of antliocyanin pigments on chlorophyll though" leading to 
contradictory results. Yery little attention has been paid to study 
its effect on photosynthesis. 

Anthocyanin pigments have been regarded to act as a light 
screen, protecting the underlying chlorophyll from excessive 
insolation, by workers like Pringsheim®, Hussaek®, Wiesner^®, 
and Ewart^, Shibata.^® Shibata and co- workers^® and Rosenheind® 
also added to this view saying, that the derivatives of davones when 
present in peripheral tissues, absorb ultra-violet rays and are thus 
protective. This light screen theory of anthocyanin met a strong 
opposition even from earlier workers like Eeinke® and Englemann.® 
Englemann observed that the red pigment absorbs those rays 
which are complementary to chlorophyll and hence least harmful 
to it. 

One serious objection to the light screen theory comes from 
cases when the pigment is in the lowermost layer of cells of a leaf. 
The screening of light by anthocyanins, if at all done, is possible 
only when it is present in the uppermost layers. But there are 
plants, like the present one {Eranthemum) where it is mostly found 
in the lower epidermis of the leaves. 

However, in spite of objections, the light screen theory seems to 
have gained more popularity among the plant physiologists. Prob- 
ably this popularity of the theory led people to believe that 
anthocyanins hinder photosynthesis by screening off light from 
chlorophyll. 

But Wheldale^’ observed that anthocynanins appear to accom- 
pany lessened photosynthetic activity, as in plants towards the end 
of their vegetative season, in autxuxmal reddening of leaves, in an 
unhealthy condition in evergreens during winter. 8he also observed 
that anthocyanin is not readily produced where carbon assimilation 
is most active. 

These observations appear to suggest a possibility, though 
very • remote, of anthocyanin pigments having some property to 
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make up tlie defieiency in photosynthesis and hence having some 
favourable effect on it/ But to investigate into the problem directly 
is very difficult, due to the impossibility of altering at will, any of 
the internal factors (here aiithocyanin content) without effecting 
any other change in it. As such, the present work is an attempt 
to correlate the rate of photosynthesis with chlorophyll content in 
the green and anthocyanin containing leaves separately and then 
to compare the results thus obtained. 

Material anb Methob 

The present investigation was carried on with detached green 
and purple (containing anthocyanin) leaves of Erantliemum Sp. 
(Garden varieties Eranthemum alhornarginatum and E. cdrofurpureiim). 
Two such plants, green and purple varieties were planted side by 
side in the botanical garden attached to this laboratory. Both the 
plants were almost of the same age and they were growing under 
identical external conditions. 

That the age of a leaf has some effect on the rate of photo- 
synthesis, was observed by Singh and LaB^ and as such, leaves 
almost of the same age were taken from both the plants. 

Usually leaves fourth, fifth and sixth in position from the 
buds were used for the present work, because each branch of 
these plants had leaves only upto the sixth or seventh nodes from 
the bud. 

The leaves were severed under water from the plants by a clean 
cut at the base of the petiole, with a sharp scalpel. It was done 
on the previous day usually at about 4 or 5 p.m. They were then 
kept overnight under a bell-jar with their petioles under water, so 
that they might take as much water as they could. The leaves 
were severed in pairs from each node, and one from each pair was 
used, next day to determine the water content. 

l^ext morning a green and a red leaf from among them were 
introduced into tv/o separate glass leaf-chamhers aud kept in a 
vertical position with their petioles under water. The lids of the 
leaf chambers were then replaced and sealed airtight with plasticine. 

A mixture of air and carbon dioxide, having 5 per cent, of the 
latter by volume, was passed simultaneously through the two leaf- 
chambers and a blank tube serving as control. At first, propor- 
tionate amounts of the gases were collected in a big aspirator bottle, 
serving* as a gas reservoir. This gas mixture was then forced out 
of the reservoir by liquid paraffin flowing in from another aspirator 
bottle placed at a much higher level. These gas streams after passing 
through the leaf-chamber and the blank t^^ were led through 
Pettenkoffer tubes containing equal quantities of standard baryta 
water, Pinally, the escaping gases were collected in graduated 
cylinders by displacement of water and their volumes measured. 
The gas was passed through ah the three channels at a constant 
rate of 500 c.c. per hour. ' 
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The work was carried on in a dark room and the light used was a 
I Watt. 1000 e.p. Phillips electric lamp, placed at a distance of 30 cm. 
from the leaf-chambers. The heat ra.ys from the lamp were cat off 
by interposing two water screens, four inches in thickness, tlircxigh 
which tap water at laboratory temperature was constantly circu- 
lating. These water screens were considerably helped b^^ iisirg a 
table fan which was blowing a continuous blast of air on the lamp. 
The exhaust fan of the dark room was also kept rotating at a high 
speed in order to force out the hot aJr and have a current of outside 
air through the room. Care was taken to see that the temperature 
within the leaf -chambers remained fairly eonstant tliroiighout the 
course of one experiment and if any rise of the temperature was 
noticed, it was immediately brought down by judiciously pouring 
ice cold water into the water screens. 

To start with a fresh pair of leaves, a ]3reliminary run of two 
hours was given in every case, to pass the period what has been 
termed as the ^induction period^ by Manning."^ That this induc- 
tion pMod in the material used was found to extend nearly upto 
two hours and after this period the rate of photosynthesis was found 
to assume more or less an uniform rate (Fig. 1). 


I. 



iSt hour %nd Aour . hour • . 

Pig. 1. Course of hourly photosynthesis in purple and green leaves. 


However, after a preliminary run of two hours, the experiment 
was allowed to run for one hour, for one reading, after winch the 
baryta in the three sets was titrated separately against standard 
hydrochloric acid. The amounts of carbon dioxide absorbed by 
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tiie two leaves were calculated from the differences between the 
titration values of those from the control tube and the tubes attached 
to the leaf-chambers. To these apparent assimilation values, the 
values of respiration were added in order to get the real assimilation. 
The respiration values of the leaves were obtained by taking the 
mean of the respiration records taken before and after photo- 
synthesis; 

After this the leaves were taken out from, the chambers and their 
chlorophyll extracted quantitatively and purified by Shertz’s^^ 
method. The amount of chlorophyll in the saponified soiutions 
were determined coloiimetrically by matching them against 
Guthrie’s® synthetic standard using Klett’s top reader colorimeter. 

The internal temperature of the leaves was determined by 
using copper-tungsten thermocouples and a mirror and scale galvano- 
meter. 

Obseevations and Discussion 

It was noted that the rate of photosynthesis in the anth^cyanin 
containing leaves starts with a much higher value than that in the 
green. It falls also rapidly within the induction period and then 
takes a more or less steady course (Fig. 1). But when a study 
of hourly readings of photosynthesis, as alternating with hourly 
respiration was made, it was observed that in both the leaves the 
fall in the rate of photosynthesis is much slower than in the previous 
experiment and in the green leaf the course becomes steady 
from the very beginning (Fig. 2). 



Fig. 2. Shows the rate of hourly photosynthesis as it alternates with 
hourly respiration in purple and green leaves. 
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Tlie experiment was spread over a period of two montlis during 
wiiicli there was a considerable flnctnation of temperatnre, ranging 
from 26® G to 33® C. The photosyiithetic rate also fin etnated con- 
siderably as it may be seen from Table III that at the lowest value of 
the temperature the assimilation number was minimum and similarly 
at the highest value of the temperature it was maximum in both the 
cases. 

The results of this experiment when subjected to usual statistical 
calculations of correlation and regression shew that the eorrelaticn 
coefficient ^r^ of the photosynthetic rate and chlorophyll content, 
is higher in the anthocyanin containing leaves by 0*02 than that of 
the green leaves (Tables I and II). From Fig. 3j it may also be seen 

Table I 


Observation 

Nos. 

Chlorophyll 
in mg. 

Observed 
photosynthesis 
in mg. 

Estimated 
X^hoto. in 
mg. 

Error 

1 

2*26 

13*4 

15-498 

-f2*098 

2 

2 '88 

15*6 

20*136 

+4*536', 

3 

2*52 

16*6 

17*443 

+0 • 843 

4 

2*54 

17-0 

, 17*592 

+ 0*592 

5 

3*08 

20-8 

21*032 

-1-0 -708 

6 

2*04 

14*4 

13*852 

-0-548 

' ^ 

1*94 

12*8 

13*104 

+0*304 

8 

1*53 

10*6 

10*038 < 

-0*562 

9 

3-10 

21*8 

21*781 

-0*019 

10 

1*76 

11*6 

11*758 

+ 0 * 158 

11 

2*70 

19*8 

18*789 

-1*011 

12 

2*92 

21*0 

20*435 

— 0 *565 

13 

2.-74 

21*2 

19*094 

-2*120 

14 

1*88 

14*5 

12*656 

-1*844 

15 

2-24 

18*2 

15*348 

-2*852 


S. E. XY of estimate =3 -2 

‘ b’ == 7*48 
Y == 1*468 - 7*48X 

(regression equation for the 
computation of the esti- 
mated values) 

‘rL = 0*77 

Observed‘t’ =8*225 

Calculated* t ’ from Fishers ‘ t ’ table at 13 degrees of freedom at *01 
level of significance = 3 ’012. 
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Table II 


Observation 
Xos. " 

Chlorophyll 
in mg. 

Observed 
photosynthesis 
in mg. 

Estimated 
photo, 
in mg. 

Error 

1 

2*14 

8*2 

11*909 

+ 3 ■ 769 

2 

2*34 

8*6 

12*995 

-f 4*395 

3 

2*10 

11*0 

11*704 

-f- 0*764 

,4 

3-72 

11*2 

20*940 

-I- 8 -874 

5 

2*68 

14*0 

14*739 

-f-0*739 

6 

3*48 

18*4 

18*853 

-i- 0-453 

7 

3’02 

16*8 

16*484 

-0*130 

8 

3*42 

19*2 

18*535 

—0 *665 

9 

1*92 

11*2 

10*810 

-0*358 

10 

2-02 

11*4 

11*350 

-0*046 

11 

2*70 

15*6 

14*842 

-0*758 

12 

2*54 

13*6 

14*021 

+0*121 

13 

3 • 70 

20*2 

19*971 

-0*229 

14 

3*12 

17*8 

16*640 

1 -1*160 

15 

2*32 

14*0 

12*892 

-1*107 

16 

3*76 

22*2 

20*280 

-1*920 

,■ 11. 

2*92 

17*6 

15-970 

-1*630 

18 

3*20 

20*2 

17*407 

-2*793 


S.E. XY of estimate = 2-85 

‘b’ =-5*13 

Y = 0*991 -f 5-13 X 

(regression equation for the 
computation of the esti- 
mated values.) 

‘ r’ = 0-75 
Observed^t’ = 12 

Calculated ‘ t ’ from Fisher’s ‘ t ’ table at 16 degress of freedom at *01 
level of significance =2 *921. 

that the regression of photosynthetic rate over chlorophyll content 
is linear and the difference hetween the observed and the calculated 
values do not exceed the standard error of estimates, except in two 
cases of green leaves. 
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Pig. 3. Regression of photosynthetic rate on chlorcphyli content in 
purple and green leaves. The upper line shows the course in purple leaves 
and the lower one shows that in the green loaves. 


The above findings show that the rate of photosynthesis per 
unit of chlorophyll is higher in the anthocyanin containing leaves 
than the green ones. 


Willstatter and StolP® in their classical works on chlorophyll 
as internal factor controlling photosynthesis found that the 3 ^elloAV 
leaves of showed same rate of photosynthesis as the green 

ones though their chlorophyll content was much lower than that of 
the green. In the present case the chlorophyll content of the green 
leaves on the average, was 1-2 to 1*3 times higher than that of the 
purple ones. The assimilation number in the purple leaves varied 
between 6 and 8, while that in the green variety between 3 and 6. 
There was a difference of 1*63 between the mean values of these 
two samples taken. Since there was so much of variation in be- 
tween the individual observations made, it ‘was considered worthwhile 
to see whether this difference between the means was really signi- 
ficant or not. In order to test its significance Pisher^s H ^ test for 

, 


small samples, i.c., ‘ t ’ == SV i ^ 1 was made. It may be seen 

w+w, 

from Table III, that the observed ‘ t ’ was more than twice higher 
than the calculated ^ t ’ in E Table at 0-01 percent, level 

of significance. As snch the difference between the two means does 
not seem to be casual but a real one. 



Table III 


Assimilaiion Numbers 


Observa- 

tiOB 

Nos. 

Purple 

Green 

Temperature 

in"C. 

1 


3-83 

26-27 

2 


CO 

26-26-5 

3 

5 '02 

5 23 

27-28 

4 


3-01 

1 

26-26*5 

5 

5 '41 

5 '22 

27-28 

6 

0 'oO 

5-29 

29*5-30*5 

7 

6 -69 

5-58 

30-30-5 

8 

6-75 

i 5*61 

30-31 

9 

7-06 

j 5 -83 

30-31 

10 

6*60 

; 5*14 

1 

30-30-5 

11 

6-93 

00 

X-O 

CO 

1 

CO 

12 

CO 

o 

5*35 

30-30*5 

13 

6*57 

5-46 

30-30*5 

14 

7'33 

■ 5*71 ■ 

31-32 

15 

7-19 

6*03 

i 31-32 

16 

CO 

5*90 

32-5-33 

17 

7*71 

6*02 

32-33 

18 

8-12 

6*31 

32-33 


S.E. of the two means = 0*8246 
Observed/ t^ =5*66 
Calcalated * t ’ from Fisher’s table = 2*5 
P = *01 

Moisture content of a leaf has been claimed to be one of the 
internal factors controlling photosynthesis. Dastnr^ found thar 
leaves with higher moisture content photosynthesise more rapidly 
than those with lower moisture content. In the material taken for 
the present investigation, the moisture content after the overnight 
treatment was found to be fluctuating between 83 to 86 per cent. 
Besides the average moisture content of the green leaves was only 
1-3 per cent, higher than that of the anthocyanin containing 
leaves. In the present material which contains more than 80 per 
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cent, of water, this slight difference may not account for any diff- 
erence in the photosynthetic rate in the two leaTes and even if it 
did interfere instead of inhibiting, it would have raised the rate in 
the green ones above that of the purple leaves. 

Anthocyanin has also been regarded as a means to raise the 
temperature by workers like Comes and Kernerd Bmitht® and 
Wnlff.^® According to Wulff the pigment is very important for 
arctic plaiits for it absorbs extra radiant energy and thereby raises 
the temperature of the organs in which it is found to occur. In the 
present instance also the anthocyanin containing leaves showed a 
slightly higher internal temperature, than the gTceii ones higher 
only by 0’ 4° 0. to 0 * 6° C. But it is quite evident that this small 
difference in temperature alone cannot account for such a difference 
in the photosynthetic rate in the two kinds of leaves, for according 
to Vant Hoff, Q^o will he near about 2-5. 

The rate of respiration in the anthocyanin-contaming leaves 
has always been found to be much higher than that in the green 
ones. So it was thought desirable to see whether this high rate of 
respiration in the purple leaves, was helping the rate of photo- 
synthesis by adding to the supply of carbon dioxide which might 
be acting as a limiting factor. Por this purpose three different 
concentrations of carbon dioxide 5, 6 and 7 per cent, were used with 
the same leaves. But there was no significant difference in the rate 
of photosynthesis neither in the green nor in the piirple under the 
three different concentrations of carbon dioxide. Thus the carbon 
dioxide content in the gas was not limiting the rate of photosyn- 
thesis. 

Taking all the above facts into consideration it is evident that 
the anthocyanin pigments in the leaves have a favourable influence 
on the photosynthetic rate. 

Sumhaey 

The correlation of photosynthetic rate and chlorophyll content 
was studied in the green and anthocyanin containing leaves of 
Eranthemimi 

Photosynthesis was determined by continuous gas current 
method and chlorophyll was estimated colorimetrically. 

The anthocyanin containing leaves showed a higher photo- 
synthetic rate than the green ones, in spite of lowei\ chlorophyll 
content. The results were statistically significant. 

The anthocyanin containing leaves showed a slightly higher 
internal temperature than that in the green ones. 

At the start — the anthocyanin containing leaves show a much 
higher rate of photosynthesis than the green ones and falls rapidly 
taking a steady course after 3 hours (Fig. 1). 

The author expresses his grateful thanks to Professor P. Parija, 
M.A. (Cantab.), i.e.s., for his kind and helpful guidance throughout 
the course of this investigation. The author is also indebted to the 



Goyernment of Orissa for the research scholarship granted to him 
and also to Dr. G. B. Banerjee and the Physics Department for 
lending him the thernioconples and a galvanometer. 
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’This alga came up in a culture of some soil algse at Madras in July 
193<S. At the time of its appearance there was plenty of Fhormidium 
sp. and Ghlorocoeeum Jmmicolum (hTaeg.) Eabenh. growing in the 
culture. Soon after its appearance, the alga became very domi- 
nant and the P/i. 0 Tmidmm and the Ghloroeoeeum gradually became 
less and less prominent, and, after a month or so, completely dis- 
appeared. The alga was sub-cultured into other bottles. It grew 
wedl in these cultures and generally occupied the moist sides of the 
bottles immediately above the level of the culture solution, but a 
fair quantity of the alga was found at the bottom and also on the 
surface of the culture solution. The culture solution used was 
Moore and Karrer’s (1919, p. 285) solution which was slightly modi- 
fied by the addition of 0*005 per cent, of urea. The culture solu- 
tion had the following composition: — 


Ammonium nitrate ‘ • 

. . 0*5 gm. 

Potassium acid phosphate 

. . 0*2 gm. 

Magnesium sulphate . . 

.. 0*2 gm. 

Calcium chloride 

.. 0*1 gm. 

Iron sulphate " 

'/trace 

Urea .... 

. . 0*05 gm. 

Distilled water 

.. 1000 c.c. 


The detailed development of the alga was followed in hang-drop 
cultures made from the main cultures. 

Description 

The alga is filamentous and resembles a Ulotlirix or a Eormi- 
dium, but its lowermost cell always possesses a long hyaline thread- 
like stalk with a knob-like disc at the end by means of which it is 
attached to the substratum. Its cells are short and cylindrical, 
often cask-shaped, and are 8-9 /x. broad, and 3*2-8 fi long. The 
thread-like stalk of the basal - cell is 3 *5-5 *26 /x long. Each cell 
possesses a single nucleus and a plate like parietal chloroplast with a 
pyrenoid embedded in it (Text-fig. 2). The chloroplast extends the 
full length of the cell (Text-fig. 4) and, in vertical view, almost 
completely encircles the cell.. The lateral cell wall consists of two 

* P'rorn the University Botany Laboratory, IMadras. 

11 ' F 
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layersj a thin firm outer layer and a slightly thicker inner layer. The 
traiiSTerse 'wall is thiUj consisting of only a single layer and is con- 
tinuous with the inner layer of the lateral wall (Text-fig. 3). 

Both the cell wall and the thread-like stalk give clear cellulose 
reaction when tested with iodine and suliihiiric acid. They are 
not stained with rnthenium red showing that there is not much 
pectic material in them. The apical cell of the filament is broadly 
rounded at the top and the lowermost; cell of the filament is slightly 
narrowed towards the base. At first, the fijaments in the cultures 
were quite short, and generally did not contain more than about 
16 cells, and were either straight or slightly curved (PL V, Pig. 2, 
Text-figs. 1 and 4). But in older cultures, the filaments were very 
much longer UiUd were moreover very much twisted (PL V, Pig. 6). 
The length of the filament in the younger cultures ranged between 
135-168 ju. and in the older cultures between 206-250 ft . 

Asexual Eepeouuctiox 

Asexual reproduction takes place by means of zoospores which 
are formed singly in each ceil (Text-figs. 5-7, 10-12, 18). The 
zoospores are slightly dorsiventral, being somewhat convex on one 
side and slightly concave or flat on the other (Text-figs. 5 5, 10). 
Each zoospore possesses two cilia which are attached at the anterior 
end somewhat laterally towards the concave side (Text-fig. 8). 
The two cilia are equal in length and are" placed very close to each 
other. A small, somewhat thick greenish refractive body could be 
often seen near the base of the cilia (Text-figs. 8, 9). Whether this 
represents the blepharoplast or not, it could not he decided, as the 
body was single and not double and was“ moreover situated a little 
to one side of the place of attachment of the cilia. A single, some- 
what obliquely oval, plate-like chloroplast in which is imbedded a 
pyrenoid occupies the posterior portion of the zoospore (Text -figs. 
5 a, 8-10). The anterior portion is hyaline and has a somewhat 
dull refractive appearance. Owing to this refractive appearance, 
no contractile vacuoles could ^ be seen even when examined very 
carefully under higher magnifications. A few small granules are 
present in this portion. No eye-spot could be seen, even though 
numerous zoospores were carefully examined. In a few zoospores 
however, a tiny reddish speck was seen very close to the base of the 
cilia. Whether this represented a rudimentary eye-spot could not 
be decided. The fact that the swarm spores do not travel very far 
from the mother-plant, but settles down close to it very soon after 
liberation may be in some way connected with the poor development 
of the eye-spot. The zoospores are 5-5* 5 fc broad and 6*65-7/x 
long. The cilia are about 10 -2 ft in length. 

The zoospoies, in their dorsiventral shape, in the somewhat 
lateral position of the two cilia and in the absence of an eye-spot, 
show a very close resemblance to those of Hormidium as figured by 
Klebs (Klebs, 1896, Taf. II, Eigs. 23 and 24). Two contractile 
vacuoles were observed by Klebs in Hormidium in the anterior 
hyaline portion, but as already pointed out, owing to the refractive 
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nat-ure of the anterior portion, no contractile Taciioles could he made 
out in the present alga. This refractiTe siibstaii^^^ is evidently 
connected with the formation of the attaching stalk as may he seen 
later on in the paper (see pp. 161-162). 

The zoospores generally come out between 8-30 and 9 a.m. 
A single zoospore is formed in each cell. It escapes through a 
round aperture formed in the lateral wall of the cell. Since this 
aperture is very narrow, the zoospore has to squeeze itself out through 
it very gradually (Text-ligs. 0,6,7,11,12,18). At one stage,- it 
looks as though the zoospore would be cut into two (Text-figs. 6, 12, 
18). Bnt this never happens and the zoospore escapes from the 
cell quite alright every time. The method of escape of the swarm- 
spore through a very narrow opening closely resembles that of 
HormiMum as figured by Klebs (Klebs, 1896, Taf. II, 

fig. 21). Usually zoospores escape out with their posterior end 
foiemost (Text-figs. 11, 18), but frequently they escape with their 
anterior end foremost also (Text-fig. 6). The time taken for the 
zoospore to escape from the cell is about 10 to 15 minutes. Very 
commonly practically whole filaments get nearly or completely empty 
(PL Y, Fig. 1, Text-figs. 7, 12, 13). It is very mteresting to see 
the whole of the hang-drop culture full of active motile zoospores. 
It may be pointed out here that in this alga, unlike in Vlotlirm^ the 
basal cell also is able to form zoospores (Text-fig. 18). Plenty of 
zoospores v/ere formed in the young cultures. But in the older 
cultures ^oospore-formation ,Avas seen only very occasionally and 
that only from a few cells of the filaments. 

Prior to the formation of the zoospores, the cells of the filaments 
divide into 2 or 4, or occasionally, 3 smaller cells by one or two 
successive transverse divisions (Text-figs. 7, 13, 14). And from each 
one of these smaller' cells a single zoospore is formed. It may be 
pointed out here again that the basal cell, unlike in Ulotliriw, is able 
to divide like the rest of the cells of the filament (Text-figs. 7, 18). 
This division of the mother-cell usually takes place about 3 to 
4 A.M. All interesting phenomenon is observable before this cell 
division takes place. A few hours previous to the cell-division, 
say about midnight or so (11-30 p.m. to 1 A.M.), the protoplast of the 
mother-cell begins to show peculiar movements inside the ceil. 
Sometimes the protojilast -would get massed together on one side 
a-nd sometimes on the other and this movement will continue for 
quite a long time, until finally the cell division takes place. 

As soon as the zoospores are liberated, they have a somewhat 
elongated shape with a slight depression on the concave side (Text- 
figs. 5 6, 10), but they soon become more ellipsoid (Text-figs. 5 a, 8, 
10). They swim at first with an irregular wobbling forw^ard move- 
ment, often also in circles, but a few minutes later, the forward 
movement is slowed down and the movement becomes more or less 
rotatory and wobbling and confined to a very narrow area. After 
about io to 15 minutes, the movement becomes very slow and the 
zoospores finally become completely quiescent or show only slow 




Text-figs. 1 “34. Ilormidiella 'parvula gen. et. sp, nov. Fig. 1. Pull 
grown filament, thread-like stalk and disc-like attaching disc at the end ( X 275). 
Fig. 2. A portion of a filament showing the nucleus and the pyrenoid in 
the cells ( X 820). Fig. 3. A portion, of a filament stained with gentian 
violet showing the two layered natxxre of the ceil -wall (x 459). Fig. 4. 
A short filament ; note the plate-like parietal chloroplast extending the full 
length of each cell ( X 780). Figs. 5-7, 11-13, and 18. Showing the 
escape of zoospores from the cells of the filament ; note the escape of the 
zoospore from the basal cell in fig. 18. (Figs. 7, 12 and 13 X 275 ; the rest 
X 780). Figs. 5 rt, h, 8, 9 and 10. Zoospores ; note the refractive body 
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oscillatory movements. Their eilia at this stage eoiitiiiiiey liovever^ 
to be vibratile. 

Geeiunation of the Zoospores 

The zoospore, after becoming quiescent, soon forms from its 
anterior end an elongated thread-like stalk by means of vhicli it 
attaches itself to the substratum (the cover glass of the hang-drop 
culture) (Text-figs. 23-27). The way in which the attaching stalk is 
formed could not be made out for quite a long time. At first we 
thought that the two cilia of the zoospore became fused together 
along their length and formed a thread-like attaching stalk, but later 
on we found that this presumption was wrong. After a few days of 
careful watching, we were able to observe the actual details of the 
formation of this stalk. When the zoospore becomes quiescent, 
its anterior end is close to the lower surface of the cover-glass in the 
liang-drop culture. The cilia, however, are seen still actively 
vibratile. xifter a short time a protuberance is formed rapidly 
from the anterior portion of the zoospore a little to one side of the 
region of the attachment of the cilia (Text-fig. 24), and the protu- 
berance soon grows longer and longer, thus forming the narrow 
elongated thread-like stalk (Textrfigs. 25, 26). As the stalk is being 
formed, the protuberance at first appears to be somewhat short and 
beaked and hollow with a small quantity of protoplasm inside 
(Text-figs. 25, 26). But very rapidly, the protuberance becomes 
longer and at the same time loses its hollow appearance and 
becomes narrower and solid, its p*rotoplasmic contents evidently 
receding into the main portion of the zoospore. The end of the stalk 
becomes somewhat expanded into a disc-like structure by means of 
which it attaches itself to the cover-glass (Text-fig. 27). The 
cilia could be seen clearly for a short time after the formation of this 
protuberance (Text-figs. 24, 25), but, very soon after that, the cilia 
could not be seen at all. We were unable to find out whether the 
cilia are discarded outside or are absorbed inside the body of the 
zoospore. We searched carefully near the zoospore for the possible 
presence of the discarded cilia, but were unable to find any. It 
seems therefore very probable that the cilia are retracted inside the 
body of the zoospore. As the attachiiig stalk is formed, the hyaline 
portion of the zoosporic cell decreases in size and at the same time 
loses its refractive appearance and becomes quite transi)arent. This 
is evidently due to the fact that the substance which made the 


near tlie base of tlie cilia (blepliaroplast ? ) in figs. 8 and 9 { x 780). l^ig, 14. 
Division of the cell into four daughter-cells before the formation oi' the 
zoospores ( X 275). Figs. 15, 16, 21 and 22. The formation of aplanospores 
and their germination ( X 235). Pig. 20. A short filament formed from 
a single aplanospore ; note the absence of the stalk in the filament ( X 235). 
Fig. 1 7. A gamete (?) ( x 780). Fig. 19. A gamete (?) which has 
rounded itseltV after losing its cilia (x 780). Pigs. 23-27. Showing the 
stages of formation of the stalk by the zoospore as it settles down ( X 780). 
(Figs. 24-26. Diagrammatic.) Figs. 28-34. Stages showing the develop- 
ment of the zoosporic germling into full grown filament (X 780). n == 
nucleus ; pyrenoid ; sf =: stalk. 
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anterior portion of the zoospore very refractive was very probably 
used lip in the formation of the attaching stalk with the result that 
the refractive anterior portion becomes quite transparent. 

In the hang-drop cultures the stalk of the zoospore is not visible 
at first and the zoosporic germling appears as if attached to the 
cover-glass directly by a small disc-like knob (Pi. V, Pig. 7 ; Text- 
figs. 28, 29), This is because the long stalk is hanging straight from 
the cover-glass downwards and is therefore not visible when viewed 
from above. The stalk becomes visible if the cover-glass with the 
hang-drop is mounted on a glass slide and gently pressed on, when 
the stalk, owing to the pressure, lies flat on the slide and is then very 
well seen (Text-figs. 27, 30 and 31). 

The thread-like .stalk of the alga resembles very much that of 
OpMocytium majus Naeg. It is very interesting to note that a certain 
amount of resemblance is seen even in the manner of formation of the 
stalk in these two algse. Pascher (1925, p. 73) states regarding the 
formation of the stalk in Ophiocyiium majus Ziinachst leigen 
(immer hack Scherffel) die Schwarmer noch unbewegiich vor der 
Zelle und schwiminen dann ruhig ohne Eotation davon. Bei der 
Keimiing kugelt sich der vordere Teil ab, wahrend aus dem 
hinteren, von dichter weiszglanzehder Substanz erfullten Teile ein 
stielformiger Portsatz herausmodelliert wird, der spater zum 8tiel- 
chen wird. Die Geisselpartie und das Yorderende sind nach 
Scherffel bei dor Keimung nicht beteiligt. ’’ But the stalk in 
Opliiocytium majus is formed .by the posterior end of the swnrm- 
spore, whereas, in the present aiga, it is formed by the anterior end. 
This similarity in the formation of the stalk in these two algae does 
not of course mean anything more than a rnere case of parallel 
development, since OpMocytium belongs to the Xanthophycese, 
while the present alga belongs to the Chlorophycem. 

Soon after the formation of the attaching stalk, a wall is formed 
round the protoplast of the zoospore. This protoplast of the 
germling is, however, not quiescent, but shows a very peculiar move- 
ment inside the wall continuously for quite a long time (up to 48 
hours or more). As a result of this movement, the position of the 
chloroplast could be seen continuously shifted inside the cell. After 
about 48 hours the movement becomes slower and finally stops. 
The movements of the protoplast of a single zoospore germling was 
followed by means of camera lucida drawings for three days and the 
continuous changes of position of the contents are shown in Text- 
fig. 35 a-x. On the first day, immediately after the zoospore settles 
down (at about 9 A. m.), the position of the chloroplast was changing 
almost every five minutes (Text -fig. 35 a-g). But towards the even- 
ing the change of position of the chloroplast became slower and 
thereafter still slower. Again the shape of the chloroplast also shows 
a gradual change. On the morning of the first day the chloroplast 
was more or less plate-shaped (Text-fig. 35 a-g)^ but towards the 
evening, it became somewhat bell-shaped (Text-fig. 36 Ji-m). On 
the third day or so, the cell became somewhat elongated and the 
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chloroplast became a carved plate extending nearly tbe vrbole length 
of the cell, and in vertical view encircling the cell almost completely 
(Text-fig. 35 s-.r). 


10-11-38 

9-40 A.M. 9-41 A.M. 9-42 A.M. A.M. 9.49 A.M. 



9-50 A.M. 1-45 P.M. 1-51 P.M. 1-52 P.M. p jj_ ^.gg p gj 



11-11-38 



Text- fig. H^y (a-ie) Hormidiella parvula. — Showing the protoplasmic 
movement inside a single zoosporic germling. a-w protoplasmic movements 
observed on 10-11-1938 fom 9-40 A.M. to 2 p.m. ; w-r movements observed 
on 11-11-1938 from 11 A.M. to 2-30 p.m. ; movements observed on 
2-11-1938 from 11 A.M. to 3 p.m. X 1330. py = pyrenoid ; sf. = stalk. 

The zoosporic germlings after reaching a length of about 18-20 /a, 
divided into 2 cells by a transverse wall and by further divisions 
grew into filaments of about 8 cells (PI. Y, Pigs. 3-5 ; Text-figs. 31-34). 
These filaments then produced zoospores in their turn. The time 
taken for the zoospores to grow into full filaments and form zoospores 
in their turn was about 17-20 days. 

Aplanospoues 

Some of the zoospores do not escape from the cells, but surround 
themselves with a thin membrane while still inside the mother wall 
and become aplanospores. These aplanospores soon grow out into 
short filaments of 2 or 3 cells (Text-figs. 15, 16, 21, 22). These short 
filaments grow at right angles to the mothei filament and give a 
. false appearance of lateral branching (Text-figs; 15, 16, 2i, 22). 
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Blit ail examination of different stages of these growths clearly 
shows their real nature. When these short filaments are about 
2 or 3 cells long, they become detached from the mother plant and 
grow into new independent filaments. The filaments which are 
formed by the aplanospores do not possess an attaching stalk 
(Text-fig. 20). 

Mention must be made here of some peculiar swaim-spores 
which were formed in some of the older cultures. These swarm- 
spores resemhled in all respects the ordinary zoospores but were 
slightly larger than the latter (Text-fig. 17). They, unlike the 
normal zoospores, do not settle down soon after their escape from 
the mother plants (i^., within 10-15 minutes), hut keep on swimm- 
ing for quite a long time (two hours or longer) and finally become 
quiescent. They then lose their cilia and become rounded. They 
do not form an attaching stalk (Text-fig. 19), nor do .they get 
attached to the substratum (coyer-glass) in any other manner. 
They soon show signs of dismtegration and finally die. The sigiii- 
* ficance of these peculiar larger swarm-spores is not clear. The fact 
that they do not settle down and grow into new plants suggests 
that they are probably not zoospores. It is just possible that they 
represent gametes (macrogametes ‘I) which do not find partners. 

Yegitative 'Eeprodtjction 

The filaments, both in the earlier and in the older cultures, often 
> become fragmented into smaller bits of one or more cells. These 
then by the diyision of their cells grow into longer filaments. The 
filaments which grow out of the fragmented bits do not show any 
attaching stalk. 

Discussion 

This alga at first sight looks like a Uloihrix with a peculiar 
thread-like attaching stalk, developed from its basal cell. The 
chloroplast also is like that of Ulothriw in being a curved parietal 
plate and extending the whole length of the cell and also in encircling 
the cell almost completely. But its swarm-spores are dorsiventral 
and quite unlike those of VlotJiriXy'but more like those of Eormidium 
(Klebs, 1896, Taf. II, Digs. 24, 28). And its basal cell, unlike in 
UlotJirix, can divide and produce swarm-spores like the other cells 
of the filament. The present alga differs from Eormidium in 
the following respects. The chloroplast in the latter genus is 
generally a parietal plate with a circular or elliptical outline and 
does not extend the full length of the cell, but occupies more or less 
the centre of it, and moreovei, does not encircle more than half of 
the cell (Printz, 1927, p. 166 ; Fritsch, 1935, p. 205; Smith, 1933, 
p. 384; Klebs, 1896, p. 328; Heering, 1914, p. 41). In the present alga, 
on the other hand, the chloroplast is a curved plate, and extends 
the full length of the ceil and also encircles almost the wEole of the 
cell. Again, in Eormidium no rhizoidal cell is formed, and there is 
no difference between a base and an apex (Klebs, loc. cit.^ p. 343 ; 
Printz, he. cit., p, 166; Heering, he, cit., p. 41), whereas in the 
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present alga^ a clefinite stalk is formed by its basal celi^ and tbe 
differentiation "of a base and an 'apex is a very cliaracteristic feature 
of the alga. . , 

It ma 3 ’ thus be seen tkat tke present alga combines the features 
of both Ulotlirix and HormicUim and, in addition, possesses a feature 
peculiar to itself in having a thread-like stalk which is foimed in a 
very characteristic manner. It forms an interesting link between 
IJloiJirix and Eormidium and, therefore, may be placed in a new 
genus which maj* be called HormidieUa. 

Hormidietla gen, noY. 

Thallus filamentous and unbranched and consisting of a row' 
of cells, and attached to the substratum by the basal cell; apical 
cell broadly rounded at the top; basal cell with long thread-like 
stalk below', by means of which the filament is attached to the 
substratum ; the remaining cells, cylindrical or cask-shaped and 
more or less uniform in appearance ; all cells ineludijDg the basal 
cell capable of division and of producing sw'ariri-spores. Cells uni- 
nucleate; chromatophore parietal, plate-shaped, with a single pyrenoid 
in it ; chromatophore extending the full length of the cell and in 
vertical view almost completely encircling the cell. Reproduction by 
means of biciliate zoospores formed singty in each cell; zoospores 
dorsiventral, w'ith two equal cilia attached somewliat laterally" 
towards the ventral side ; eye-spot absent. Axfiaiiospores occasionally 
formed. Sexual reproduction not known. 

EormidiellaparmilaB^.noY, 

General characters same as those of the genus, cells 8-9 fj. broad 
and 3 *2-8 ^ long ; stalk of the basal cell 3 *6-5 *26 /x long. Fila- 
ments either straight or slightly curved ; in older cultures intricate^ 
twisted or contorted ; zoospores 5-5 • 5 /.t broad and 6 *65-7 /x long. 

Eab , — ^In a laboratory culture of soil algaB at Madras. 
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EXPLANATION OP PLATE V 


Fig. 1. Filaments with plenty of empty cells after the esca|)e of the 
zoospore ; note the single celled zoosporic gemilings, X 140. 

Fig. 2, Full grown filaments. X 140. 

Figs. 3~5, Young filaments showing the attaching stalk. 
Figs. 3 & 4 X 280 : Pig. 5 X 540. 

Fig. 6. Filaments from older cultures showing a contorted growth. 
X 40. 

Fig. 7. Zoosporic gemilings two hours old attached to the cover 


glass by means of their stalk. X 510. 
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A NOTE ON ULOTHRICHOPSIS VIRIDIS 
GEN. ET SP. NOV. * 

By M. O. P. lYExYOAR, M.A., Ph.D. (Lojvd.)? P-L-S. 

AxMD , 

S. KasthamMxV B.Sc. (Hons.), M.Sc. 

Received for publication on August 12,, 1940 

Tms alga was found in a culture of soil algae growing along with 
Chloroeoeeum humicolum. The culture was made hy inoculating 
5 grams of paddy-field soil from Tambaram near Madras in Moore' s 
solution. Since the alga looked very interesting an attempt was 
made to study it in further detail by growing it in hang-drop 
cultures. 

The alga consists of very short unbranched filaments made up 
of one to three or occasionally four cells placed in a row. Its cells 
are 15 *8-33 *3^1 long and 6 -2-7 *9 /x broad. At first sight it looks 
like a Stieliococcus but an examination of the cell-contents shows that 
it is not a )SticliococGus. Each cell has one or more plate-like chloro- 
plasts, in which are embedded one or more pyrenoids. The usual 
number of chloroplasts is one, two or four (Figs. 1-5, 13), but occa- 
sionally 8 chloroplasts are seen in some of the cells. The number of 
chloroplasts is largest just before cell division. A single nucleus 
is situated in the centre of the cell (Figs. 10-12). The cell- wall is 
"thin and uniform. 

The normal method of multiplication of the alga is by fragmen- 
tation. The filaments, after reaching the 4 or 3-celled stage, were 
observed to break np very rapidly into shorter lengths of one .or 
more cells (Figs. 8, 13-17). 

Iso zoospores or gametes were observed in the living mateiial, 
though it was kept under observation in culture for over 3 months. 
Very occasionally the contents divided into a few round masses 
inside the cell wall. Quite a number of ceils showing these round 
masses were found in the material (Figs. 16-17). These masses did 
not escape outside, though they were watched for a long time. 
They are evidently aplanospores of the alga. 

SYSTEMxiTio Position OP THE Alga 

The alga with its bright green plate-like chloroplasts containing 
one or more pyrenoids in each looks at first sight veiy much like 
an Ulotrichaeeons alga. On closer examination, it is found that 
each cell usua.ily contains several (1-8) chloroplasts (Fig. 8). But 
no member of the TJlotrichace^ is known to possess more than a single 

* From the University Botany Laboratory, Madras. 
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Text-figs. 1-17, JJIotJiricJiopsis viridis gen. et. sp. nov. Fig. 1. A 
single cell witli two chloroplasts, each with a pyi’enoid. Figs. 2-4. Cells 
^vith 3 or 4 chloroplasts ; Fig. 3. shows 2 pyrenohTs in the two central 
cliloroplasts. Fig. 5. Cell showing 3 pyrenoids in each chloroplast. 
Fig. 6. A short 2 -ceiled filament. Fig. 7. A four-celled filament. Fig. 8. 
A 2-ceUed dIament ; the upper cell shows 8 plate-like chloroplasts. Fig. 9. 
A single cell with chloroplasts just divided.- Figs. 10-12. vStained prepa- 
ration shoeing the nucleus and pyrenoid. Figs. 1.3-15. Filaments breaking 
apart into individual cells. Figs. 16 and 17. Formation of aplanospores'. 
(Figs. 1, 8, 9, 16 & 17 X 800 ; rest X 430). 
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chloroplast in eacli celLf The alga sliows a close reseniblanee to 
Heterothrix exUis Pascher (jBxfmiKem emUis Klebs), (Klebs, 1<S96, 
p. 380, Taf. II, Pigs. 15-30 ; Bristol, 1920, pp. 78-79, Text -fig. 1; 
Pasclier 1932, p. 344, Figs, 225-28e). Only, in the present alga, 
pyrenoid>s with a starch sheath are present, whereas in Heieroilirix 
exilis no pyrenoids aie present as in all the Xanthophycege. But 
KorsMkov (1930) has recently shown that pyrenoids are" present in 
the chloroplasts of another member of this genus, BumUIcria 
Simla Borzi. And Klebs (1896, pp. 224, Taf. I, Pigs. 17-19) has 
shown that pyrenoids are present in the chloroplasts of young 
plants of Botrydium granulatum. But the pja'cnoids of both these 
algae do not show any starch sheath round them. Printz (1927, 
p. 409), however, says that in Xanthophyceae in general, pyrenoids 
and starch are absent. Pascher (1925, p. 116) also, when referring 
to the pyrenoids in Botrydium, writes 4 ‘ Ebenso bedarf die Pyrenoid- 
frage dringendst In the case of the present alga, a very definite 
starch sheath is present around the pyrenoids. Testing with 
iodine shows the starch layer clearly stained dark blue. And 
preparations stained in iron-hsematoxylin show a white xinstained 
ring representing the starch sheath around the darkly stained pyreno- 
crystal. In the face of the current view regarding the absence of 
starch in the Xanthophyceae, the presence of a definite starch sheath 
around the pyrenoids in the present alga forms an insuperable diffi- 
culty in referring it to Heierothrixy an accepted member of the 
Xanthophycese. But, since pyrenoids, though without a starchy 
layer, have been shown to be present in young plants of Boiryditim 
by Klebs (1896) and in Bumilleria sieula by Korshikov (1930), the 
possibility of the occurrence of starch also round the pyrenoids in 
some of the members of the Xanthophycese should not be ignored. 
But unfortunately the main point which ought to decide the position 
of the present alga, tie., the nature of the cilia of the swarm-spores, 
is still unknown. If this should be known, then it would be an easy 
matter to decide whether the alga belongs to the XanthophycesB or 
not. 8o, until the swarm-spores of the alga are known, it would be 
best to consider the alga as only aaUlotrichaceous one and to place 
it in a new genus by name Ulothriehopsis C’Iobq to Ulotlirix. If, at 
a later date, the swarm-spores of the alga should be found and 
prove to be heterokonton, then the alga will have to be transferred 
to the Xanthophyceae as a new species of Eeterothrix, 


f The genus SphaeToplea, which has been recently included by Pritsch 
(1985, p, 222-26) in the UJotrichales, would appear to form an exception to 
the rule, since it contains a large number of ring-shaped chloroplasts in each 
cell. But this is a special case. The larger number of chloroplasts has been 
explained as probably due to a failure of cross-wall formation betw’’een the 
several cells, each containing a single chloroplast. Sphmroplea a.ccordlng 
to this view should be considered as having been derived from a septate 
ITIotiichaceous type which has ceased to form a septa except at rare intervals. 
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Descpjption 
Ulothfiehopsis gen. nov. 

Thallns filainentons and imbranched-, consisting of a few cells 
only placed in a row ; each cell containing a single nucleus and one 
or more parietal platedike chloroplasts with one or more pyrenoids in 
each. Yogetative reproduction by fragmentation of the filaments 
into shorter lengths consisting of one or more cells. Asexual 
reproduction by aplanospores. Zoospores or gametes unknown. 

UlotJirieliopsis viridis sp. nov. 


General characters same as those of the genus. Filaments 
one to four cells placed in a row : cells 6 • 2-7 • 9 p broad, 15 • 8-33 • 3 /x 
long. Chloroplasts 1-8 (usually 2-4) in each cell. 

Eab. — In a laboratory culture of soil algae from Tambaram, 
near Madras. 
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ON THE LIFE-HISTORY OF ^ 

TERRESTRIS SR NOV.* 

ByS. Kanthamma, B.Sc. (Honb.)? M,Sc. 
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Beceived for publication on August 12, 1940 

The alga was found growing along with Fliormiflium sp. and Oseil- 
Zu^oriu sp. in some cultures of soil algaj at Aladras. It is unicellular 
OYOid or ellipsoidal and grows attached to the substratum by a 
more or less refractive thread-like stalk, the lower end of which is 
expanded into a small disc at the point of attachment. The cell 
contents are dense and green and it is not easy to make out the 
nature of the chloroplast (Pigs. 1, 21-23). A single pyreiioid is 
imbedded in the chloroplast. Six to seven nuclei are seen around the 
pyrenoid in stained preparations (Figs. 2-3). Even young plants 
are coenocytic and contain 2-3 nuclei. The mature cell without 
the stalk is 26 *2-38*5 ja long and 22*8-38*5 jit broad ; the stalk is 
7-10 ft long. 

The cell- wall consists of two layers, an inner thin and delicate 
layer immediately next to the protoplast and an outer thicker 
and firm layer. The two layered nature is not very clear in the 
ordinary cell, but is seen very clearly in empty cells after the zoo- 
spores "have escaped. Both these two layers show a cellulose 
reaction with iodine and sulphuric acid. These two layers are also 
stained deeply with ruthenium red showing that they contain 
plenty of pectic material as well. The stalk on the other hand 
shows only the cellulose reaction with iodine and sulphuiic acid and 
does not get stained with ruthenium red showing that it is made 
up mainly of cellulose, without much of pectic material. 

Asexual reproduction takes place by means of zoospores. Each 
cell by the division of its contents gives rise to about 32-64 zoo- 
spores. The first indication of the formation of the zoospores 
is several cleavages of the cytoplasm. The zoospores are generally 
liberated in the morning between 8-30 and 10 a.m. Occasionally 
they are liberated during mid-day also. They are biciliate and more 
or less conical in shape with a broadly rounded anterior end and a 
gradually narrowed posteiior end (Figs. 10 and 11). The posterior 
portion is slightly hyaline and is often produced into a small tail. 
A very tiny papilla is present at the anterior end. The contents 
of the zoospore are highly granular. The. chloroplast is not defi- 
nite but diffuse. Eo j)yrenoidis present. A round eye-spot is seen 

* From the University Botany Laboratory, Aladras. 

This paper foimed part of a Thesis approved for the Degree of Alaster of 
Science of the University of Madras. 
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at the lateral region. The contractile vacuoles could not be made 
out- clearly. A small round vacuole containing a granule is 
present in the anterior portion but the vacuole is not contractile 
(Fig. 10 5). The zoospores are ll-2-16-0|U long and 3 -2-4 -8 u, 
broad ; the cilia are about 8 ja long. 




cell sp. nov. Fig. 1. Fully grown 

p: ’ A p * stained m hasantatoxylin showing* the mielei 
P S’ '™flergomg cleavage before the formation of VoospOTes 

Zoosnorct zoospores. Fig. 10 a. 6 r! 

pio-a ^ 1 sli Q f Zoospore just coming to rest ; cilia still present 

Autospores 'i’nside the veside.® Cf'IT-lT 

Pigs. X 440. S'®™ sporelmgs. All 


of fn?^'®u mother-cell through the runture 
of the ceU wall across the middle or-at -the top (Figs. M). Se Sell 
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neyer gets ruptured at tBe stalk end. The zoospore before escap- 
ing cliaiiges its shape and position inside the mother-cell yery often ; 
it is sometimes romidj sometimes elongate and sometimes con- 
torted and hnally assumes its normal shape when it escapes out. It 
escapes gxmerally with the. broad ciliary, end foremost,' hut occa- 
sionally .it escapes by .the tail end also. Zoospores either ccme out 
one alter the other or in .groups of two or three. Sometimes the 
whole mass of zoospores coyered with a thin delicate ' ye side is 
extruded out of the mother-cell, and the zoospores l.hen escape one 
by one from the vesicle. 

As soon as the zoospores .are liberated, tliej^ swim, away from 
the motlier-ceH aiid are active, .for a' short time, but' d'liriiig that 
period they s^wi-m very fast '.and it is very difficult to follow them. 
They swim with the ciliary end foremost,' but the. thin narrow tail 
end also sliow-s a peculiar wagging movement. After swimming. for 
.about 20 minutes or so, they settle' down and .attach themselves to 
the .substratum. / The way. in wffiich.the zoospore settles downi and 
attaches itself to the substratum- is '.extremely interesting .and ■ was 
follownd in hang-drop cultures. After swimming for a time, the 
zoospore becomes quiescent at one place, but the cilia can be elearly 
seen actively vibratile. The hyaline posterior portion gets gradually 
stili farther elongated and finally becomes a thin tliread-like stalk. 
The extreme end of the stalk attaches itself to the substratum and 
becomes soniewiiat disc shaped (Figs. 11 and 14). The cilia can be 
seen slowiy moving at the anterior end until the stalk is completed, 
and then finally disappear. Whether they are discarded or 
absorbed inside, it could not be made out. 

A young germling about a few minutes old is 6-9 p, long without 
the stalk and 5 •2-8 fc broad. The stalk is about 8 /x long. The 
germling becomes a full growm plant in about a fortnight and then 
produces a crop of zoospores in its turn. 

V': . AUTO'SnOBES ^ 

Occasionally the zoospoies fail to escape from the mother-cell, 
and develop inside the mother-wall like the ordinary germlings with 
a normal stalk (Fig. 20). Sometimes the zoospores wvhich are 
extruded out iii a mass fail to separate themselves, and develox) 
inside the vesicle for sometime^ They become free only after 
growing for some time and reaching a certain size. 

Discussion 

This alga, in being unicellular and attached to the substratum 
by its stalk-like low-er end belongs to the genus Chameimn, Its 
mode of asexual reproduction also shows that it is a Ghameium. It 
shows, however, many interesting and peculiar features wiiicli have 
not been so far observed in any of the previously recorded species. 
The mode of attachment of the zoospore to the suhstratum does not 
appear to have been observed clearly before. Smith (1916, pp. 464- 
65) states with regard to the zoospores of Gharackim Sieboldii, A. Br. 

12 
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“Since stages in the liberation of the young zoospores were not ob- 
served the manner of their coming to rest could not be determined. 
Prom our knowledge of other algte it would seem probable that they 
always come to rest with the cilia dowmwaid”. The mode of attach- 
ment of the zoospores of the present alga by their narrow hyaline 
posterior end is extremely peculiar and quite unlike most other 
algai. Coming to the mode of formation of the stalk of the alga, ^hig 
appears to be very similar to that of Ophioeytium majus Naeg. as 
obsesved by Schiller (Pascher, 1925, p. 73). According to him the 
anterior part of the zoospores of OpMocytium majus, dmwg germina- 
tion, becomes rounded while from the posterior portion is formed a 
rod-like process filled with a refractive substance. This rod-like 
process becomes later on the stalk of the alga. The similarity in 
the formation of the stalk in these two such unrelated genera, one 
belonging to the Ohlorophycese and the other to the Xanthophycese, 
is a very interesting instance of parallel develoxjment. 

In the mode of attachment of the zoospore to the substratum 
by its posterior end, the present alga resembles GJilorangiopsis 
anomala Eorshikov (1932, pp. 581-82, Taf. X, Pigs. 40-44), but 
these two algai differ from each other in all other respects, since 
Ghloran-giopsis is more nearly allied to Ghlarnydomonas th&u to 
GMrdcium. 

'm ' 

The alga appears to he a new species and may be called Char a- 
cium terrestris sp . iiov. 

Characktm terrestris sp. nov. 


Cells shortly stalked, obovate to nearly globose, 22 *8-38 *6 
broad, 26*2-38-5 long without stalk; stalk narrow and filamen- 
tons 7-10 *5 jEx long and expanded at tlie point of attachment into 
a tiny disc. Zoospores biciliate and conical with a broadly rounded 
anterior end and a narrow elongate liosterior end, 3 •2-4*8 /x at the 
broadest part and 11 *2-16 ju, long. 

Hab. — In a laboratory culture of soil algae afc Madras. 

The author wishes to express her great indebtedness to Prof. 
M. O. P. Iyengar, M.A., Ph.D. (Lond.), f.l.s., for M's constant guid- 
ance and help during the course of this inyestigation and in the 
■preparation of this paper. Her sincere thanks are also due to the 
authorities ot the Uiiiyersity of Madras for the award of a research 
scholarship during the tenure of which the present invesiigation was 
carried out, 
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This alga was collected at Krusadai Island near Painban and was 
brought in a living condition to Madras and kept growing in 
the laboratory in Schreiber’s culture solution made up in sea-water. 
The plants produced plenty of swarmers on a number of days. 
Two types of plants were found, one set of plants producing quadri- 
ciliate zoospores and the otEbr forming biciliate gametes. The two 
types of plants were externally quite similar and could not be dis- 
tinguished from one another. The quadrieiliate zoospores after 
swarming for a short time, settled down and began to germinate. 
The biciliated gametes fused in pairs and formed plenty of zygotes. 
The fusion w'as generally isogamous but frequently slightly aniso- 
gamous also. The gametes from the samethallus did not fuse, the 
fusion always taking place between gametes from different thalli. 

Very little is known regarding the reproduction of Anadyomene. 
The only detailed account of the reproduction in this genus is by 
Derbes and Solier (1850) who have described the formation of 
swarmers in the cells of the alga. But they do not mention whether 
the swarmers are gametes or zoospores, nor do they mention the 
number of cilia possessed by the svrarmers. IN'o cilia are shown even 
in the swarmers figured by them (Derbes and Solier, 1850, PL 32, 
fig. 9). Later authors (De Toni, 1889 ; Oollins, 1909 ; Wille, 1911; 
Printz, 1927 and Pritsch, 1935) merely mention that swarm-spores 
are formed in the cells ot Anadyoinefie. 

The present investigation is interesting in showing that there are 
two types of swarmers, pis?., quadrieiliate zoospores and biciliate 
gametes, and that these two types of swarmers are formed on diff- 
erent plants which are externally indistinguishable from one another. 
The occurrence of two types of plants, one asexual and producing 
four-ciliated zoospores and the other sexual and forming biciliated 
gametes, suggests the possihility of the existence of an alternation 
of an asexual with a sexual generation as in the case of some 
members of the Oladophoraeese and Ulvacese-. The fact that the 


From the University Botany Laboratory, Madras. 
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gametes from the same plant in the present alga do not fuse suggests 
that the sexual plants are probably dioecious. This appears to be 
the first record of sexual reproduction in Anadyomene. In fact no 
sexual fusion appears to have been actually observed so far in the 
Valoniaee® (Pritsch, 1935, p. 424). 
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BOOK REVIEW 

INDIAN LABIATE 

A ^revision of^tlie Labiatas o£ the Indian Empire by Dr, S. K. ' 
Mnkerjee, M.Sc.j Ph.D, (Edin.), in Records of Botanical Survey of , 
India,, ¥oL XIV, No. 1 (1940); published by Manager' of PuMIca-: 
tions, Delhi, India, Price Rs, 5 or 8 shillings. 

A recent volume of the Records of the Botanical Surveyof India 
contains a revision of the Labiate of the Indian Empire. The 
author, Dr. S. K. Mukerjee, M.sc., ph.i>., Curator of the Herbarium, 
Eoyal Botanic Garden, Sibpur, Calcutta, is to be congratulated 
for this fine and complete work. The need for such revision of the 
larger plant families of India are constantly being felt and this 
volume should form an eye-opener to Indian morphologists and taxo- 
nomists. What stood in the way of Indian taxonomist so far was 
certainly not inability, but it was lack of encouragement, absence of 
training in taxonomy, the disadvantage of handling first class 
herbarium materials. Fortunately the present author had all the 
requirements necessary to his advantage. From my intimate 
association with the present work in India and Great Britain where 
the author and myself have worked together side by side at Edin- 
burgh, Kew, and British Museum of Natural History for a period 
extending over two years I may now note that Dr. Mukerjee had 
first class training in these herbaria and the constant encouragement 
of our common Professor 8ir William Wright Smith. 

The speedy publication of the monograph was mainly due to 
the interest taken by Dr. K. Biswas, Superintendent, Eoyal Botanic 
Garden, Calcutta. 

Our present knowledge of Indian plants have increased consider- 
ably during the period of last fifty years. In the light of modern 
researches hundreds of plants, new to India and new to science, axe 
being discovered and. described. Many new genera have been 
founded and these gradually need to be incorporated in standard 
works. It is felt that such revisions of many Indian families like 
the present one are becoming imperative for our work. 

The present *work consists of 236 pages, including an useful 
index of eight pages. First ten pages of the monograph are devoted 
to general information about the distribution, dominance and 
endemicity of the various groups of Labiatse found in India and 
abroad. About 218 pages are devoted to description of species and 
on keys to genera and species. The information and descriptiqns 
available in the ^^Flora of British India ’’ (YoL lY) have been 
greatly supplemented in the present work. Thirteen genera new to, 
India have been incorporated. These are: — Geratanthus Muller 
ex G. Taylor; Ghamaesphaeos Bthvenls:', Eurysolen Prain ; Lago- 
cMlus Bunge ; Mim'oioena Prain ; Mollueella Eenth ; Ngsema Prain ; 
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Parakmiiim Dunn; ParapMomis Drain ; Rubitencris Kudo; 
Satureia Unn y ZataHa Boiss ; Zidpliora Unn. The number of 
addition of species ‘will be about sixty wMcli include eleven new 
species described by the author/^* 

As is to be expected the monograph fully meets our anticipa- 
tion in furnishing more complete information about the Indian 
Labiate. The keys to the genera and species are carefully drawn 
up and seem to be very practical. 

The skill of a taxonomist is shown best in preparing key of 
larger genera and in this the author has done very well indeed. 
Bersonally, I liked the introduction of regional distribution to diff- 
erentiate closely allied species. In this the author has followed some 
of the continental taxonomists, specially Pax and Hoffmann and 
their works in PflanzenreicK Keys to some difficult genera like 
PleGirantJim {p. 37), Pogostemon (pp. 66-67), Napeta (pp. 118-21) 
and 'Leums {pp. 163-65) have been drawn with particular care 
and in this the author should deserve special credit. It is in the 
keys of these genera that regional factors have helped in making 
them practical and useful. 

The endemic content of such a large family will be of interest 
and according to the author 60 per cent of the species are endemic 
in India. My estimate of the Indian Labiatse was much higher 
and it was 62 per cent with 260 species endemic in India and 
Burma.f 

The relationship of the Indian Labiatse has not been clearly 
indicated in the monograph although exhaustive data as regards 
number of species and genera in surrounding countries have been 
given. This has been stated in my paper (Z.c.) where a map has 
also been given to bring out these affinities. It seems that species 
of the dry Deccan can be linked with those of Western Himalayas 
. and both these groups forming a majority should find their closest 
relations with the species of the Prient, through Afghanistan and 
Persia. The representative genera of the humid eastern India 
(Assam and Burma) may be Gompliostemmaj Mesona and Ceratantlms 
and these have little or no relationship with species from Deccan, 
West Himalayas or the Orient. The affinities of the eastern genera 
should be found with similar groups from China and Malay asia. 

The complete absence of any figure and diagrams in a mono- 
graphic work of this nature is to be deplored. It would have been 
very desirable to publish the figures of some of the new" species 
described or of those whose figures are not easily available. One or 
two maps showing the range of distribution of some dominant 
northern genera (like Nepata and Salvia) with contrasting south 

*S. K. Mukerjee, “ A decade of new species of Labiate from India, 
Burma and Tibet, Notes Roy. Bot. Gard. Edin., 1938^ 95, 303 and Tencrium 
Annandelei ; Mukerjee Sp. Nov. in the present monograph 219. 

tD. Ohatterjee, “ Endemic Flora of India and Burma, ” Jour. Roy. 
As. Soc. Beng. (Science), 1939, 5, 51. 


BOOK REVIEW— INJDIAM LABIAX^ 


170 


Indian genera (like Leueas and Pogosiemon) would have been interest- 
ing. A diagram showing the interrelationship of the larger genera 
would have been also valuable. 

On the whole we all should congratulate Dr. Mukerjee for 
bringing out this complete work. I consider the author to be the 
living authority in Asia on this family, and we all should expect that 
he would continue his studies critically on some of the allied families. 
Plant taxonomist in India should follow Dr. Mukerjee and take up 
similar works instead of writing small piecemeal papers simply of 
observational nature. What is wanted is solid intensive work like 
the present one which was based on the examination of 20,000 
herbarium sheets in the Herbaria of Sibpur, Kew, British Museum 
and Edinburgh. \ 

Every botanical institute in India and abroad should possess 
a copy of this valuable monograph. 

D. Ohatteujee. 

18 - 8 - 1940 . 
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Oostus. speeiosus Smith, a plant belonging to the family Zingiberace^, 
is often grown as an ornamental plant in many gardens. It occurs 
all over the province of Bengal except the Snnderbans, and is 
easily recognised in its natural habitat by its stout leafy stems 
often attaining a height of eight feet and bearing dense ovoid spikes 
with red bracts and white tubular flowers. It is a perennial shrub 
which flowers in Bengal during the monsoon. According to Prain^^ j^q 
other species of Gostus is found in this province. Hooker^ mentions 
the occurrence of Gostus globosits^ G. Kingii and 0 . speeiosus in India. 

The earlier literature on the embryology of the plants of the 
family Zingiberacese has been reviewed by Schnarf^^ and it need 
not be summarised here. Since then the following important puhli- 
cations have appeared. 

Boehm^ has described the embryology of Nieolia atropurpurea 
and Gostus eylindricus, Gregory^ has studied the development of 
the female gametophyte in Elettaria cardamomum, Mauritzon^ has 
recently given a comprehensive account of the embryology of a 
number of plants of the order Scitamincse and Venkateswarlu^'^ of 
Flirynium capitatum of the family Marantacese,. 

The literature on the cytology of the family Zingiheraeea?. is 
very meagre. The chromosome number of a few plants has been 
determined by Siguarad^ Morinaga^^ and others. Bcehm^ has des- 
cribed the development of the microspores in Nicolia atropurpurea 
and recently Gregory^ has desciibed in some detail the process of 
microsporogenesis in Eleitaria cardamomum. other literature 

besides the above has been noted by the present writer. 

Material and Methods 

The material used in this investigation was obtained from 
plants grown in the University College experimental garden. Flower 
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buds in various stages of development were fixed in Allen’s modified 
Bonin’s, Ijicent’s, Flemming’s (weak) and La Cour’s (2 BE) fluids. 
Of tliese Flemming’s and Bouin’s fluids gave very satisfactory 
results. An exhaust pump was used to ensure tborougb penetration 
of the fixing fluids and the material was fixed in the field during 
the hottest part of the day. Dehydration and clearing were done 
in the customary way. The material was imbedded in paraffin and 
sections were cut 8-12 microns thick depending on the stage required 
for study. Heidenhain’s iron-alum hsematoxylin and IjiTewton’s 
iodine-gentian- violet were the stains chiefly used. 

Observationb 

(i) The development of the mierospores . — The origin of the sporo- 
geixous cells could not be made out definitely in <7. speciosus, -wlieii 
first noted the sporogenous cells appear to be bigger than the 
surrounding cells and are situated deep inside the anther dssue. 
The cells surrounding the sporogenous tissue do not show any 
evident differentiation into tapetal and parietal cells at this stage. 

The microspore mother-cells are mostly polygonal in outline 
and are closely packed together inside the anther loculus without 
any intercellular space. In the resting stage the nucleus which is 
almost spherical, contains a faintly staining reticulum disposed 
mostly towards the periphery (PL YI, Fig. 1). The nucleolus which 
occupies a more or less central position shows the presence of 
a small globular bud-like structure which either remains attached 
to it or gets detached and lies near it. Not more than one nucleolus 
is present in each cell and it is big in size. At this stage the cells 
surrounding the sporogenous tissue which have become binucleate 
push inside the anther cavity. These are the' tapetal cells and their 
protrusion inside the microsporangium appears to be a character- 
istic feature in Zingiberacese as it has been noted by Boehm^ in 
(Jostus cylindrieus and by Gregory^ in Elettaria cardamomum. 

With the onset of heterotypic 'prophase the microspore mother- 
cells increase considerably in size and assume a somewhat oblong 
shape with rounded ends and show signs of rounding off. Inside 
the nucleus a number of irregularly coiled threads are seen which 
on close examination show that they are composed of two closely 
intertwined chromonemata (PL YI, Fig. 2). These present a some- 
what beaded appearance due to the ffirmation of diamond areas 
by the intertwined threads. The leptotene threads next conjugate 
in pairs and the paired threads lie irregularly inside the nuclear 
cavity (PL YI, Fig. 3). At this stage it is not possible to make out 
the chromonematic structure of the chromosomes. The synizetic 
knot is not very tight and occupies about half the space inside the 
nucleus. In most preparations, the nucleus which lies towards the 
periphery shows the presence of a bud which is almost equal to it 
in size (PL YI, Pig. 4). The contracted knot gradually opens out 
and lies distributed throughout the nuclear cavity. The diplonema 
stage next follows. At diakinesis maximum contraction of the 
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bivaleiits takes place and tke gemini wliicli are somcnvliat irrcgiiLar 
in form lie mostly at tke peripliery of the micleiis. Two small 
nucleoli of equal size are noted at this stage ■wliieli disappear later 
(PL VI, Fig. 5). Bnring division I, a well deTeloped spindle is formed 
hilt the fibres do not converge at the poles (PL VI, Fig. 6). The bival- 
ent nature of the chromosomes is quite evident. A polar view of an 
equatorial plate shows 18 chromosomes which, however, show slight 
size differences (PL VI, Fig. 8). The anaphasic separation of the 
chromosomes appears to be quite regular and no laggards have been 
noted. As the chromosomes reach the poles they at first mass 
closely and then open out and become evident, but nothing could 
he said about their structure on account of their imnute size (PL VI, 
Fig. 7). Kuclear membranes are secreted and the nuclei pass into 
the interldnetic stage. At this stage a phragmoplastic appearance 
of the protoplast is first noted. A weft of fibres occur in the equa- 
torial region of the spindle, but this is very soon replaced by a. clear 
line, simulating a longitudinal split of the cell plate (PL VI, Fig. 7). 

The II division is normal ; the spindles are well defined and they 
are mostly oriented parallel to each other (PL VI, Fig. 9). Polar 
view of equatorial plates shows clearly the presence of 18 chromo- 
somes. On the completion of division, cell plates appear in the 
equatorial region of the spindle and quadripartition of the proto- 
plast is thus completed (PL VI, Fig. 10). 

As noted by Gregory^ in Elettaria eardamomtim, the microspore 
tetrads always show the isobilateral arrangement (PL VI, Fig. 10). 
The liberation of the microspores takes place by the splitting of the 
cell plates. 

(ii) The microspores . — The microspores when liberated from the 
tetrad are more or less triangular in shape but very soon they 
increase in size and assume a spherical form and the exine also 
becomes difierentiated (Text-fig. 1). The nucleus at first occupies 
a central position in the cell but before division it passes on to the 
periphery. A lens-shaped generative cell is cut off. The nucleus 
of this cell is smaller than that of the vegetative cell (Text-fig. 2). 
Further division of the generative nucleus has not been observed 
and so it could be inferred that the microspores are shed at the 
two-nucleate stage. 

The mature pollen grains are more or less spherical wTien fully 
swollen, and their average diameter is 111 • 4 microns. A single 
elliptical geim pore is present the margin of which is somewhat 
fimbriate (Text-fig. 3). Furrows are generally two in number and 
mostly unequal in size. Sometimes the longer one is branched in 
the form of Y or V. The various types of furrows observed are 
represented, in Text-figs. 4-8. The exine is smooth except for the 
cecmrence of blunt spines which are sparsely dispersed all over 
the grains except at the furrows. A characteristic feature of the 
pollen grains is the occurrence of two sets of spines in definite rows 
on opposite sides of the germ-pore and along its longitudinal axis 
(Text-fig. 3). 
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(iii) FrocJiromosomes. — The diploid number of cliromosomes in 
Costus s^eciostis is 36 (PI. YI, Pig. 11), In the somatic nuclei a 
number of deep staining globular bodies lie irregularly distributed 
at propbase (Text-fig. 9). Some of these sbo%v the "presence of 
slight constrictions and two of them are seen to be regularly attached 
to the nucleolus which takes up a peripheral position. The number 
of these dark staining bodies is 36 (Text-hg. 9). With the commence- 
ment of prophase these globular bodies — ^the proehromosomes — ^seem 
to elongate a little and most of them appear to be constricted 
(Text-fig. 10). At a slightly later stage the intertwined nature of 
the chromosomes is revealed (Text-fig. 11). The chromosomes do 
not show the presence of anastomoses and the nucleolus also main- 
tains its spherical ontline. The chromosomes next become fully 
organised and show their characteristic morphology. Two of the 
chromosomes are still seen to he attached to the nucleolus ; of these 
one is slightly shorter than the other. The later stages of mitosis 
that follow show no irregularity in the process. In the late telo- 
phase stage when the daughter nuclei are organised, the chromosomes 
retain their morphology, but with the increase in size of the nuclei 
the length of the individual chromosomes appears to be greatly 
reduced and minute globular bodies as noted in the prophasic nuclei 
are once more evident. Thus it appears that these bodies which 
are commonly referred to as the proehromosomes are the portions 
of chromosomes which persist and pass on from the telophase to 
the succeeding prophase. 



T^xb-Figs. 9-11. Costas speciosus. Fig, 9. Resbing aucleus showing 
thii’by-six procliromosonias, two of which are attached to the nucleolus 
( X 1440). Fig. 10. Constricted areas become prominent in the prochromo- 
somes ( X 1440). Fig. 11. Chromosomes have become organised ( X 1140). 

(iv) Strueture of the ovule,— The gynsecium of Gostus speciosus 
is tricarpellary and the ovary triloeular (Text-fig. 12). The jdacenta 
is derived from the fused margins of the carpels and hears two to four 
rows of anatropous ovules. Each row consists of six to eight ovules. 

The ovule at first arises as a papillate protrusion of the placental 
tissue. A single hypodermal archesporial cell becomes differentiated 
in the nucellus even before the curvature of the ovule primordium. 
The origin of the integumental tissue is next noted and the ovule 
gradually turns through an angle of 180 degrees and becomes ana- 
tropous in form. The direction of the curvature of the ovule is 
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BOt the same in every instance (Text-fig. 13). Tlie inner integument 
at its inception is composed of two layers of cells, but at a later 
stage of development the tip is seen to be composed of three layers. 
The innermost cells af this integument which line the rnicropyle 
grow out in a radial direction and assume an elongated form 
(Text-fig. 14). This seems to be a characteristic feature of the family 
Ziiigiberacese as it has been figured by Mauritzon® in the many 
forms he has studied. Gregory,^ however, does not mahe any men- 
tion of it nor his figures indicate its presence. These cells lie 
closely adpressed in the mature ovule and probably play some part 
in the conduction of the pollen tube. The outer integument which 
develops simultaneously with the inner, is comparatively massive 
and is composed of four to five layers of cells. It takes no part 
in the formation of the rnicropyle. As noted previously by 
Humphrey® an aril is present, the development of which will be 
discussed later. 



13 


Text-Figs. 12-14. Coshis speciosus. Fig. 12. Tricarpellary ovary 
bearing two rows of'oviiles ( X 34). Fig. 13. The direction of the curv- 
ature of the ovules { X 94). Fig. 14. The horizontal disposition of the 
innermost cells okthe inner integument ( x 430). 

The nucellus in the initial stages of the development of the 
ovule is composed of a few layers of cells, but with the increase 
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in size of tlie ovule a many-layered nucellns results* It is inter- 
esting to note in this connection that generally from the tetrad 
stage onwards the outer cells of the nucellus lying close to the 
micropyle show enhanced growth in a radial direction and hecome 
conspicuous. Further increase in length of these cells takes place 
after the post-fertilization stages. The occurrence of such radially 
elongated epidermal cells capping the nucellus seems to be another 
characteristic feature of the family Zingiberacege — nay that of the 
order Scitaminese — as Mauritzon® has shown it to be present in 
Strelitzia Eeginm, Eelieonia aurantiaca, Stromanthe lutea, Oalathea 
pieturata and in many other plants. It is curious that Gregory^ 
does not make any mention of this nor does his drawings show these 
differentiated cells. A re-examination of the structure of the ovules 
of Flettaria cardamomum therefore appears to be necessary. As 
noted by Humphrey® a chalazal mass of tissue occurs at the base 
of the ovule. The cells of this tissue are smaller and are closely 
packed together and contain dense cytoplasm and nucleus, 

(v) Megasporogenesis, — ^As has been stated before a single 
archesporial cell differentiates in the hypodermal layer of the nucel- 
lus and could be easily made out on account of its bigger size and 
greater chromaticity of the nucleus (Text-fig. 15). It cuts off a 
parietal cell and then functions as the megaspore mother-cell (Text- 
fig. 16). The parietal cell does not undergo any division but becomes 
somewhat elongated as the ovule increases in size. During the 
later stages of the development of the gametophyte this cell is 
crushed out by the growing endbryo-sac which then comes to lie 
next to the radially elongated epidermal cells of the nucellus. This 
seems to be a general condition in all the species of Costus, as it 
has been noted in 0. eylindrieus hj Boehm^ and in C. igneus by 
Mauritzon.^ 

The megaspore mother-cell increases in size and becomes some- 
what elongated before division I. At the early prophasic stages 
the nucleus seems to change its position inside the cell, as in some 
preparations the nucleus was observed to lie towards the base of 
the cell, in others towards the apex, and in some others it was 
centrally situated (Text-fig. 17 a, & and e). The heterotypic spindle 
is, however, oriented in the central region. The spindle fibres are 
well- developed and the chromosomes are aligned regularly at the 
equatorial region. On the completion of the division a phragmo- 
plast develops which shows the presence of a series of fine granules 
in the central region as is commonly seen in cells in which cyto- 
kinesis takes place by cell plate formation. The two daughter 
nuclei formed as a result of division I, are separated by a distinct 
wall which is transversely disposed. The second division soon takes 
place (Text-fig. 18), and gives rise to a tetrad of megaspores 
(Text-fig. 19). The only variable feature is the arrangement of the 
megaspores resulting in different forms of tetrads. The proportion 
of linear tetrads as compared to the type represented in 
Fig, 19 is low. The upper three megaspores degenerate in every 
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sac ( X 1440). 
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Mg. 20. Bi-nueleate embryo-sac fx 1550)T ^ ^ megaspores ( x 1550). 
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fully developed lies just below tlie radially elongated epidermal 
cells of the niicellus. 

The mature embryo*-sac is encased by the two integuments and 
is somewhat cylindrical in shape. The synergids are pear-shaped 
in appearance and have big vacuoles at the base, the nuclei being 
situated above them. The egg shows the usual structure. Its posi- 
tion is below the synergids and is often masked by them. The 
polar nuclei at first lie close together hut later fuse to form the 
secondary nucleus of the emhryo-sac. The antipodals are three in 
number and lie in a mass of dense cytoplasm at the chalazal end 
of the embryo-sac (Text-fig. 22). 

(vi) Fertilization. — The binucleate pollen grains on germination 
on the stigma traverse through the style and enter the ovule by 
way of the micropyle. This has been noticed in Costus eylindricus 
by Boehm.2 The stages of division of the generative nucleus have 
not been observed but its form while inside the emhryo-sac cavity 
is spherical. This would indicate that the generative nucleus divides 
while inside the pollen tube. Though several pollen tubes were 
seen at the top of the mieropyle yet only one passed into it. Text- 
fig. 23 represents a stage where a plasmogamic condition of the 
egg and the generative nucleus is seen. It will he noted that the 
generative nucleus is smaller in size. Text-fig. 25 represents a stage 
of double fertilisation, in which the second male gamete which is 
smaller in size lies inside the cytoplasm of the secondary nucleus. 
Fusion of the polar nuclei is represented in Fig. 24 where th% two 
nuclei are alike. - 

{Yii) Development of the endosperm and embryo. — The primary 
endosperm nucleus migrates towards the chalazal region of the 
embryo-sac before division. At this stage deposition of pectic 
material takes place in the chalazal region of the embryo-sac as 
also below the epidermal cells of the nucellus (Text-fig. 14]. Similar 
deposition of pectic material has also been observed by Boehm^ 
in Costus eylindricus. The primary endosperm nucleus al-ways 
divides prior to the division of the fertilized egg. The daughter 
nuclei become separated by a plasmatic membrane which divides 
the embryo-sac into a large micropylar and a small chalazal chamber 
(Text-fig. 26). The basal endosperm nucleus lies inside the chalazal 
chamber of the embryo-sac. The degenerated remnants of the 
antipodal cells are also seen lying close to the nucleus. The nucleus 
of the micropylar chamber moves upwards' and undergoes many 
free nuclear divisions, while the nucleus of the chalazal chamber 
divides slowly and produces from 16-24 nuclei lying in a globular 
cytoplasmic mass (Text-fig. 28). The embryo-sac has been growing 
during this time and has increased considerably in length. At this 
stage the initial stages in the development of the embryo are noted. 
The later behaviour of the endosperm nuclei has not been followed 
on account of the difficulty of obtaining perfect sections cf the seed. 
Humphrey,® however, states that “ the endosperm of Costus and 
of the Zingiberacese, perhaps of all, reaches a considerable thickness, 




'SI'.'. . ■ 

Text-Figs. 23-31. Cosius speciosus. Fig. 23. Plasmogamic condition 
of the egg and a generative nucleus ( X 1500). Fig, 24. Fusion of the 
polar nuclei ( X 2200). Fig. 25. Bouble fertilisation { X 2200). Fig. 26. 
Micropylar and basal chamber of the endosperm { X 430). Figs. 27-28 ] 
Bi-nucleate and multi-nucleate condition of the basal chamber ( x 430),* 
Figs. 29-31. Stages in the development of the enibryo ( X 910). 





192 


I. BANmjI 



although it never wholly fills the cavity. In the ripe seeds of 
Coskis it forms a single cell-layer over the mieropylar end, and a 
layer several cells thick upon the wall of that part of the sac below 
the edge of the mieropylar collar, more or less completely filling the 
space between the embryo and the wall of the cavity ’h 

The fertilized egg rests for sometime before it starts activity. 
The first division of the oospore is transverse resulting in a large 
basal and a small terminal embryo cell (Text-fig. 29). The basal 
cell does not divide further and the later development cf the 
embryo appears to depend on the activity of the terminal cell. 
Text-figs. 30 and 31 show different stages of the developing embryo. 
As observed by Humphrey,® the embryo is without a suspensor. 
The later stages of the development of the embryo have not . been 
observed. 

The observations made on the structure of the seed are essen- 
tially in accordance with the observations of Humphrey.® The aril 
develops from the upper part of the free end of the outer integu- 
ment and the portion of the funicle lying close to the micropyie. 
The cells in these regions grow rapidly, coalesce and form a spongy 
mass which caps the mieropylar end of the seed. 

Discussion 

Mention has already been made about the chief features in the 
development of the ovule and the integuments. The mode of 
development of the female gametophyte, however, appears to he 
controversial, Humphrey® who has worked on Gostus sp. states 
that the mother-cell of the embryo-sac enlarges as the ovule 
grows, but does not divide further and thus becomes itself the defi- 
nitive emhryo-sac As Humphrey's study was chiefly confined 
to the development of the ovule, seed and aril, it is likely that he 
had missed the earlier stages. Mauritzon also records a Lilium- 
type’’ of embryo-sac development in Gosius igneous and thus 
corroborates Humphrey's® observations. The present investigation, 
however, shows beyond doubt the normal type of embryo-sac deve- 
lopment, as the various stages in the development of the macro- 
spores have been observed. A preliminary note on the subject has 
already been published.^ It thus becomes difficult to account for 
Mauritzoii’s® findings, and one is led to infer that probably more 
than one tyx>e of embryo-sac development occur in this family. 
Mafieshwaii’ m Ms review of embryo-sac types in angiosperms 
records a nurnDer of plants, in which different types of (mbryo-sac 
development have been recorded by different investigators. It may 
however, be mentioned in this connection that the development of 
the female gametophyte in other plants of the family Zingiheraceee 
as recorded till now by different workers is of the normal type. 

The development of the endosperm presents no unusual featuies 
and as recorded by previous workers is of the “ Helohiales type. 
Boehm- has observed the presence of four nuclei in a row in the 
basal endosperm of Gostus cylindricus, Ho such arrangement has 
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been foiiiicl in tills nmteiial and # likely that tlie linear 

arrarigemeiit of tbe four nuclei is a clianee phenomencn. The basal 
eiidospeim groWvS in size witii the. increase in the niiniber of nuclei^ . 
some of wliicli might be disposed i,ii a linear direction. The plasma 
membrane ' which delimits the basal en.clcspei.m becom.es thinner 
and thinner with its increase in size and it is. probable that at 
a later stage . the* cytoplasm ■ of the mieropylar endosperm may 
become eontinxioiis. Definite eYidence of this phenomenon was, 
howcYcr, not obtained. 

The occmTence of nucleolar buds lias been noted by difCerent 
workers in Yarions plants and there are different views on the 
subject. Tischler^^ is of opinion that nucleolar budding is an arte- 
fact due to fixation. Carlson and Stuarts state that the material 
comjiosing these buds is of extraneous matter and is extruded by 
the cell. Maziimdar and Datta® state that these buds which get 
detached from the nucleolus contribute chromaticity to the deve- 
loping spireme. In Costus speciostis minute globular buds have 
been noted to remain attached to the nucleolus during early pro- 
phase. Sometimes these get detached and lie close to the nucleolus 
or move towards the periphery, but in no case they were obserYed 
to lodge on the spireme. Further, in some nuclei these buds have 
been observed to grow in size and attain the same dimension as the 
primary nucleolus, and remain attached to it. At diakinesis, gene- 
rally two nucleoli of equal size are seen which disappear almost 
simultaneously with the development of the metaphase spindle. 
It is interesting to note that Selim^^ working on rice found that in 
certain varieties the single large nucleolus of the pollen mother- 
cells budded out a secondary nucleolus which became as big as 
the mother nucleolus. He states that these two nucleoli are connected 
by a short bridge and show differences in staining reaction. The 
secondary nucleolus being responsible for the formation of the 
chromosomes while the primary nucleolus contributes in some way 
to the formation of the spindle. ]!:^andi^^ has also observed budding 
of the nucleolus in rice and concludes as follows : — Only the larger 
nucleoli bud and that these occur in the large nuclei. The budding 
moreover takes place after the nucleolar growth and means simply 
a transfer of material from the larger nucleolus to the smaller and 
not an increase in the total amount of the nucleolar material ”. 
Comparative measurements of a large number of nuclei of meiocytes 
of Oostus speciosus mem to support this view. The grow^th of the 
nucleus brings about an increase in the nucleolar material which 
induces it to bud. Against this hypothesis it may be aigued that 
the growth of the nucleus in the earlier Btages of meiosis is of 
common occurrence but budding is not universal. Thus one is 
forced to the conclusion that budding of the, nucleolus is due to 
the influence of fixing fluids and is an artefact. 

The chromosome numbers of a few species of Cosins has till 
now been determined. Boehm® reports the presence of eight chro- 
mosomes in the meiocytes of Costus cylindrieus, while Gregory^ 



■194^ ; I- BANMRJl ^ 

states that the diploid number of chromosomes In CobUs Malaro- 
tieMSis u 18. In the present investigation 18 haploid and 36 diploid 
chromosomes have been observed in the meiotic and somatic nuclei 
respectively. It thns appears that Costus speciosus is a tetraploid- 
form. Similar instances of the occurrence of polyploid forms within 
a genus has been recorded in a number of plants and among the 
cultivated plants, cotton, wheat and rice could be cited as examples. 

In concluding this paper mention should be made of the morpho- 
logy of the pollen grains of Costus which presents some interesting 
features. The furrows, which are two in number, are of unequal 
size and form, and they show no definite space relationship on the 
exine. As very little is at present known of the exine pattern or 
pollen morphology of other plants of the family Zingiber aceae no 
comparative statement could be made. Gregory^ states that the 
pollen grains of Mettaria cardamomum are spiny and believes it 
to be the only instance of spiny microspores in monocotyledons. 
It is interesting to note that the pollen grains of Costus speciosus 
also show the presence of blunt spinous processes. 

Summary 

The paper gives an account of the cytology and embryology 
of Costus speciosus, 

1. The formation of the microspores takes place by successive 
division and the meiotic process appears to be normal. Cytokinesis 
is by cell-plate method. The microspore tetrads show an i^bilateral 
arrangement, 

2. The diploid number of chromosomes is 36 and the haploid 
18, It appears that the plant is a tetraploid. 

3. The budding of the nucleolus as observed during the early 
meiotic process is described and an explanation has been offered 
to account for the phenomenon. 

4. The pollen grains are bi-nucleate at the time of shedding. 
The generative cell is lenticular in shape and is separated by a 
cytoplasmic membrane. 

5. The pollen grains show the presence of blunt spines which 
are irregularly distributed on the exine. Two sets of spines occur 
in definite rows on opposite sides of the single germ-pore and along 
■its longitudinal axis. There are two furrows of which one is com- 
monly branched. 

6. The occurrence of pro-chromosomes in the somatic nuclei 
has been recorded. Their number corresponds to the diploid 
number of the plant. The behaviour of the chromosomes during 
the mitotic cycle lends support to the theory that pro-chromosomes 
are the portions of chromosomes which persist through the telophase. 

7. The ovules are anatropous in form. The nucellar epidermis 
composed of radially elongated cells. 
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8. ; .Tile, arcliesporial cell arises in tlie,bypoderm.al layer of the 
niicelluSj.it cuts off a parietal cell and then iiinctions as the mega- 
spore motlier-eelL Due to increase in size of the eiuhryo-sac during 
later stages of development, the j>arietal cell is disorganised .and 
the enihryo-sac lies Just below the nucellar 'epidermis. 

9. The megaspore mother-cell passes through the various 
stages of reduction division and produces a tetrad of .iiiegaspores 
of which the lower one becomes functional. 

10. A normal eigbt-nuclcate embryo-sac is produced wliieh 
shows the usual organisation. The antipodals and the synergids 
degenerate later. 

11. Fertilization is porogamous. The sperms appear as spheri- 
cal nuclei. 

12. The development of the endosperm Is of the ^ Helobiales ’ 
tj^pe. The basal apparatus forms a globular cytoplasmic mass 
'whicii contains from 16-24 free nuclei. 

13. The first division of the zygote is transverse. It develops 
into a cylindrical embryo which is -without a siisj^ensor. 
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EXPLANATION : OF PLATE 

All the figures were drawn with the aid of a camera iucida. Figs, I -10 
have been drawn at a mangification of X 1440, Fig. 11 x 3650. 


Fig. 1 . 
Ftq. 2. 
Ftg. 3. 
Fig. 4. 
Fig. 5. 

Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 
Fig. 11. 


Resting nucleus showing a nucleolar bud. 

Leptonema stage. 

Zygonema stage. 

Synizesis ; note nucleolar bud. 

DIakinesis ; note the two nucleoli which have originated as a 
result of the budding of the single nucleolus. 

Heterotypic metaphase. 

Late anaphase ; note cell plate formation in the centre. 

Polar view of an equatorial plate (Div. I) showing IS chromosomes. 
Homotypic division ; Telophase, 
fsobilateral arrangement of pollen tetrad. 

A somatic chromosome plate showing 36 chromosomes. 
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I. INTUOBUCTION 

BALiCKii-IVANOWSKA in 1899 made one of tlie best contributions to 
onr knowledge of the embryo-sac development in tills family. Slie 
studied a number of families of tke SympetalaB, AYbieb included 
several genera of tlie Bcropbiilariaceae. In partionlar, the question 
of nutrition in tlie embryo-sac has been dealt witb. Tlie liaiistoria 
were alwiiys formed in contact with parts well supplied with nntrition, 
so tliat it was believed that tbe banstoria conducted noiirisliment 
into tlie embryo-sac. Balicka-Ivaiiow'Ska (1899) considered tbat 
the tapetal cells served to pass imtritive substances into tlie embryo- 
sac and tbat it possibly bad a digestive function. In 1900, Selimld 
investigated numerous species of tbe Scroplmlariacese and discussed 
tbo formation of tbe embryo-saCy fertilization , endospeim formation 
and the development of tbe baustoria. In 1915, Mitcbell investi- 
gated the embryo-sac and embryo of Striga lutea. Evans (1919) 
has given a review of tbe work done in the Scropbularinem upto tbe 
time of Mitchell (1915) and has described tbe baustoria and tbe 
embryo in Fentstemon secondiflorus, Sebeitz (1919) found the 
order of develoj>ment of tbe floral parts to be calyx, stamens, corolla 
and pistil and also describes the endosperm haustorium and the 
development of the embryo. Cook (1924) gave an account of tbe 
development of tbe seed in Linaria mlgaris, 

Warren (1924) described hybrids obtained between different 
species of Digitalis, Buxton and iNeWton (1928) gave tbe chromo- 
some numbers of many plants of this family, and described inter- 
specific crosses in Digitalis, Krishna Iyengar (1929, 31, 33, 34) 
described the embryo-sac and the endosperm haustorium in Ilysan- 
tlies^ Bonnaya^ Sopubia delpJiinifolia^ and Alonsoa^ in all of which, 
the endosperm nucleus gives rise to a row of three cells, of which 
tbe two towards tbe clialazal and micropylar ends of the embryo- 
sac develop into the respective baustoria, "wliile tbe middle 
cell gives rise to tbe endosperm tissue. Sriiiatb (1934) in a short note 
described the life-bistory of Herpestis monnicra, Krishna Iyengar, 
in a later paper (1939a) described the embryo-sac and the formation 
of the endosperm haustorium in Gelsia coromandeliana and Isoplexis 
cmiariensis. In both tbe above members, be found a compact 
tissue composed of radiating cells and abutting on tbe cbalazal 
end of tbe embryo-sac and tbe endosperm haustorium in these 
consists of four cbalazal and four micropylar cells. Srinatb 
(1938) in a short note described tbe endosperm haustorium in 
CJalceolaria. Krishna Iyengar (1939/;) in another short note reports 
that in ^temodia viscosa, tbe clialazal part of tbe embryo-sac is 
enlarged, while the micropylar part is tapering. In VandelHa 
Mrsuta and Vandellia seabra, persistent antipodals were reported by 
the same author and in LimnopMla lieterophylla and Stemodia 
mseosa he has found a single large and highly aggressive uninucleate 
ehalazal haustorium and in Oentrantliem lie has figured what are 
called secondary micropylar liaustoria. Krishna Iyengar (1939c) 
in a later paper describes in detail the embryo-sac and the develop- 
ment of the endosperm haixstorium in LimnopMla and Stemodia, 
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II. ' Materiai. A'nb Methods 

Tlie following genera were invegtigated Angelo ni a, Nopafrinm, 
MemoMa and Vandellia, Most of tbe materiaLs f<w lie pregent work 
were collected from plants grown in tlie FniversilT Bctaiiieal 
Gardens, Annainalainagar. Bopairkim wais eolleetcd frorn the rice 
fields, wliere it grows in abnndanee and YamMlm from tlie edges 
of ponds and streams nearby. Owaries and oviiles were fixed eitiiei 
in Formalin Acetic Alcobolorin lot corroslTe sublimate ilxatiTo. 
For studying tbe organogeny of tie flower, floral tips were fixed in 
Formalin Acetic Alcohol. Mature seeds -were soaked in glacial 
acetic acid for a number of days before fixation, in order to facilitate 
sectioning. Materials w^ere dehydrated in alcohol, cleared in 
chloroform, and embedded in paraffin. Sections were cut at thick- 
nesses varying from 6 to 14 microns. All the iireparations “were 
stained with Haidenhein’s iron alum hsemotoxylin. 

III. Angelonia gmndiflora 0. Mott, 

Angdonia is not an indigenous plant. It is an exotic genus 
being a native of South America (Bailey, 1933). This is growm in 
the gardens for the ornamental flowers, which are present tliroughout 
the year. The plant irroduces a large number of minute triangular 
.seeds, but propagation is by vegetative means, on account of the 
ease with which cuttings produce roots. Angelonia grandiflora is a 
herbaceous perennial with the main stem somewhat wcody and 
possessing a strong aromatic odour. The whole plant is covered by 
numerous glandular hairs. Flowers are axillary, and two flowers 
invariably arise in the axil of each leaf. The fiowTU’s are borne on a 
long pedicel. The corolla consists of two lips, the posterior lip being 
composed of two lobes and the anterior of three lobes. The twm lips 
are fused in such a way as to form a boat-shaped structure, the 
posterior end of wdiich is connected to the thalamns wdiile in the 
anterior end there is present a nectary. There are four fertile 
anthers. 

The Ontogeny of the Flower.— The primordium of the flower 
arises as a knob-like protuberance in the axil of a leaf (Fig. 1). 
The twm floral priniordia in each axil are seen in Fig. 1 
(1 and 2). The order of development of the floral i3arts was 
found to be calyx, stamens, corolla and carpels. Schertz (1919) 
found the same order of development of the floral organs 
in 8eroplvularia marylandiea. The pTimoTdmm of the calyx aalses 
from the sides of the apical dome as a fold in the outer layer 
(Fig. 1 se). The anterior sepals are the first to arise (Fig. 1). 
This is brought about by the repeated anticlinal divisions of the outer 
layer at this region. Some of the cells of the second layer below" 
this region divide periclinally and as a result the sepal primordium 
increases in size (Fig. 2). The next floral organ to arise is the stamen 
and not the petal (Fig. 1 st). The primordium of the stamen also 
arises from the sides oi the dome. The mode of formation of the 
stamen initials is exactly the same as that for the sepal. Soon after 
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tlie stamens begin to enlarge, the primordia of the petals are initiated 
slightly helow the point of origin of the stamen (Fig, 1 at pe). 
Periclinal divisions of the second layer of cells in this region 
occur, and the petal initials grow in size (Fig. 3). The two 
carpels (Fig, 4, ca) arise from the central domed apex, after the 
other floral organs have been initiated. A careful examination 
of this region shows that the two carpels arise not from the 
terminns of the central domed apex that remains, but distinctly 
from the sides of the dome (Fig. 4). Thus the carpels are found 
to have a lateral origin and this has been utilized by E^ewman 
(1936) and Eaghavan (1937) to support the classical foliar concept 
of the carpels. 



The Development of the Femile Gametophyte . — The ovary is of 
the typical bilocular Serophularious type. The numerous ovules 
arise as small protuberances of the axile placenta. The hypodermal 
archesporial cell is soon differentiated and differs from the 
surrounding cells in its larger size, larger nucleus, and richer 
cell contents (Fig. 5). Sometimes, there are two archesporial ceds, 
either juxtaposed (Figs. 6 and 7) or superposed (Fig. 8). The 
archesporium is differentiated in the ovule even before the 
initiation of the integument (Fig. 5). Such an early differentiation 
of the primary archesporium is a common feature not only in the 
Scrophulariacese, hut also in many others. For exampie, Joshi 
and Bao (1934) have reported such an early differentiation in 
Digera. It also seems to be common in the Jnglandacea3, where 
Langdon (1935) has reported* it in Gary a and Jiiglans and 
Woodroff (1928) in Hicoria pecan. And in the Orobanchacese, 
Srivastava (1939) has recorded it in Orobanche aegyptiaca. Multi- 
cellular archesporia have also been reported in various genera 
distributed over a wider range of families. Bhaduri (1935), who has 
investigated a number of species of Bolanum in which multicellular 
archesporia have been found, is of the opinion that they are derived 
from the transverse or longitudinal divisions of the initial hypo- 
dermal archesporium. So far as could he seen in the present investi- 
gation, no evidence could he found to regard the 2-archesporial 
stage as a derived condition. There is no evidence of division of an 
initially single archesporimn. From the earliest stage, the two cells 
can be distinguished individually. By the time the archesporium 
is differentiated in the ovules, the anthers show the pollen tetrad 
stage. This shows the decisive protandry of the plant. 

One of the archesporial cells develops and directly functions 
as the megaspore mother-cell (Fig. 9). By this time, the single 
massive integument grows rapidly and the anatropous nacure of 
the ovules is revealed. The bulk of the ovule at this stage is made 
up of the integument (Fig. 9). The megaspore mother-cell, as scon 
as it is formed is invested almost to its base by a layer of cells, which 
is regarded as the nucellus. There is no parietal tissue, the hypo- 
dermal archesporium functioning directly as the megaspore mother- 
cell, without cutting off any primary wall-cell. It seems likely, 
that this single layer of what is called the nucellus, is primarily 
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derived from the original domed apexy which caps the archesporial coll 
(Fig. T). The cells of the niicelhis stain very lightly jeompared to 
the rest of the ovule. With the development of the mogaspore 
mother-cellj the cells of the nncellns get flattenedj and hnaily dis- 
organise and completely disappear in the early stages of the develop- 
ment of the ernhryo-sac. Such reduced nucellus consisting of a 
single layer of cellSj which disorganise during the early stages of the 
development of the embryo-sac, seems to he a eharacterislic feature 
of the Scrophulariace^ and a few other families. Balicka-Ivanow- 
ska (1899) calls it micelle ” and reports its occuiTence in Fedi- 
eularis palusiris (Schrophulariace^), ^^^^^ notonima (Gesiieraceffi), 
Campanula rotmidifolia (Campanulace se) and others. It is also 
common in the Solan acese, where Bhaduri (1935) has figured the 
nucellar tissue in a number of Solanaceous plants. It is. also 
present in the Lobeiiaceee, in Lobelia nieotianwfoUa {KmiBik, 1938) 
and in the Orobanchese, in Orobanclie mgypUaca (Srivastava, 1939) 
and also in many other members of the Eubiacese. Schertz (1919) 
says that in {ScropJiularia marylandica^ the nucellus is destroyed 
towards the micropylar part of the ovule, due to the elongation of 
the embryo-sac, the nucellus remaining intact in the ehalazal part 
and that the final disappearance of the nucellus takes place, while 
the endosperm is being formed. I find, however, that the nucellus 
degenerates earlier, during the initial stages of the development of 
the embryo-sac. 

In the majority of Scrophularious plants, a layer of tapetai cells 
is invariably formed as a band of cells surrounding the embryo-sac. 
The details of the formation of the tapetum in the genus Dopoirium 
are described later. In Angelonia no tapetai layer is developed. 
Mitchell (1915) reports the absence of any tapetai layer in Striga 
lutea. 

The megaspore mother-cell undergoes the heterotypic division 
giving rise to a dyad (Fig. 10). The dyad undergoes the homotypic 
division and forms a linear tetrad of megaspores (Fig. 11). The 
one towards the chalazal end develops into tie embryo-sae, while 
the rest degenerate. The functioning megaspore increases in size 
and there appear vacuoles on either side of the more or less centrally 
situated nucleus (Fig, 12). In the bi-nucleate embryo-sac, there are 
two nuclei, one at each end of the embryo-sac, with a big vacuole 
between them (Fig. 13). Another division of the two nuclei gives 
rise to the four-nucleate stage (Fig. 14). Between the four- 
nucleate stage and eight-nucleate stage, there is not much increase 
in the size of the embryo-sac (Fig. 15). The two polar nuclei move 
towards the centre of the enabryo-sac. Occasionally, the polar 
nucleus from the chalazal end reaches the centre of the embryo-sac, 
earlier than the polar nucleus from the micropylar end (Fig. 16).. 
At this time, the organisation of the synergids is vaguely visible. 
The two polar nuclei move towards the centre of the embryo-sac 
and fuse at about the middle part of the embryo-sac (Fig, 18). 
Schmid (1906) has pointed out that the place in the embryo-sac, 
where the polar nuclei meet is oiot constant, and instanced 
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Pedieidans palustris, where he found tlie polar micloi fusing in the 
upper, lower and middle part of the enihryo-sac. 

The formation of the mature eight-nucleate tmhiTo-sae would 
thus appep to conform to the normal moiiosporie tyjie (Maheshwari, 
1937). Five divisions intervene between the megaspcie mclhor-een 
and the eight-nucleate embryo-sac. The mature tmbrvo-sae 
(Fig. 17) consists of two synergids, an egg-eell, two polar nuclei, 
and three antipodals. The synergids are prominent each having 
at its base a large vacuole, above which the micleus is placed. 

The amtipodals are ephemeral and degenerate soon after 
fertilization. The hehariour of the synergids after feitilization is 
interesting. They do not degenerate after feitilization. as in the 
case of the other members of this family, hut persist till ecraparatively 
late stages in the development of the embryo. Tlie normal 
function of the synergids is to direct the male gamete towards the 
egg nucleus and help in their fusion, and as soon as this fusion ha.s 


of tlie hypodemial layer of cells. X 1500. Fig. 3. The sepals (se), the 
petals (p) and the stamens (st) and the domed apex, x 750. Fig. 4. 
Shows the lateral origin of the carpels (ca). x 750. Fig. 5. The early 
differentiation of the hypodermal arcliesporinm. X 750. Figs. 6 and 7. 
Two juxtaposed archesporial cells. X 750. Fig. 8. Two superposed 
archesporial cells. X 750. Fig. 9. The megaspore mother-celi and the 
single layer of nucellar tissue surrounding it. x 750. Fig. 10. The 
dyad of nieg^spores with the enveloping nucellus. X 750. Fig. 11. Linear 
tetrad, the chalazal one is the functioning megaspore. X 750. Fig. 12. 
Uni -nucleate embryo-sac. Two large vacuoles, one on either side of the 
centrally situated nucleus. X ,750. Fig. 13. Blnucleate embryo-sac. 
The two nuclei are separated by a large vacuole. X 750. Fig. 14. "Four- 
nucleate embryo-sac. X 750. Fig. 15. S-Nucieate embryo-sac, showing 
two groups of "four nuclei, one at each end. X 750. Fig. 16. Shows the' 
early migration of the chalazal polar nucleus. X 750. Fig. 17. The 
two polar nuclei meeting at about the middle of the embryo-sac. x 750. 
Fig. 18. The two polar nuclei have fused. X 750. Fig. 19. Shows 
the embryo-sac in a post-fertilization ovule, which has increased consider- 
ably in size. The synergids are persistent. The fusion nucleus has migrated 
towards the oospore. X 1500. Fig. 20. The two persistent synergids 
and the oospore, Kote the vacuole in the synergid cell. The endosperm 
nucleus has divided to form a row of cells. X 1100. Fig. 21. 
Two celled embryo with the two persistent synergids one on 
either side. The endosperm tissue has increased. X 1100. Fig. 22. 
The quadrant. The four cells have been designated A B C and D. The 
persistent synergids are still seen, X 1100. Fig. 23. The octant with the 
persistent synergids. The cell O has divided transversely into and Co. 
The lower cell Cg is seen undergoing another transverse division, x 750. 
Fig. 24. The primary meristems have been differentiated. The cell Cg 
has divided transversely to give rise to G^g, and C^g. The cell is the 
hypophysis. The dermatogen and the pierome are shaded. X 1280. 
Fig. 25. Shows a section of the mature seed. The. pluimde is seen as a 
papillate protuberance between the cotyledons. X 355. Figs. 26-38, 
Dopalrium lohelioides. Fig. 38. Two hypodermal archesporial cells. 
X 1500. Fig. 26. An archesporial cell functioning directly as the mega- 
spore mother-cell. X 1500. Fig. 27. Megaspore mother-cell invested by 
a single nucellus. X 1500. Fig- 29. Shows the dyad enveloped by the 
nucellus. X 1500, Fig. 30. Tetrad of megaspores. The chalazal one is 
the functioning megaspore. X 750. Fig. 31. Tvmniiicleate embrj^o-sac, 
with a large vacuole separating the two nuclei. X 1500. 
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taken place, tlie synergids usually degenerate. In some plants, as 
for example, Celsia coromandeliana and Isoplexis eanariensis (Krislina 
Iyengar, 1939a), one of tlie synergids is destroyed, when the pollen 
tube enters the emhryo-sac and reaches the egg-cell, the other 
degenerating soon after. The synergids in Angelonia do not 
degenerate after feitilization, hut persist long afterwards (Figs. 
19-'33). The synergids are seen clearly in post-fertilization ovules, 
which have increased in size considerably (Fig. 19). In the syner- 
gids, the basal vacuoles are clearly seen and above them the nuclei 
are present. 



Bmhryo . — The fertilized egg undergoes a period of rest and 
increases in size to some extent. Above the oospore nucleus is a large 
vacuole. The persistent synergids can he seen one on either side of 
the oospore (Figs. 19 and 20). The nuclei of the synergids can be 
seen above a terminal vacuole. The first division of the oospore is 
transverse (Fig. 21). The two cells (Fig. 21) undergo another 
division transversely giving rise to a foui-celled linear pro-embryo. 
For purposes of description, these four cells of the pro-emhryo 
beginning from the uppermost, will he designated as A, B, 0 and B. 
Bach one of these four cells gives rise to a definite region in the 
.mature embryo proper. A longitudinal wall laid down in cell D 
produces a quadrant (Fig. 22). A transverse wall across the 
quadrants forms the octant stage (Fig. 23). The cell C divides 
transversely giving rise to two cells 0^ and O 2 , of which the lower- 
most O 2 , functions as the hypophysis (Fig. 23). The cells A and B 
and also 0^, constitute the suspensor. The suspensor is thus three 
cells long. The embryo at the octant stage is six cells long. 
Fig. 24 shows a later stage of the embryo. The primary meristems 
derniatogen, i^eriblem, and the plerome have been differentiated. 
The hypophysis C 2 , has divided transversely into 0^2 (Fig. 23) 

the upper of the resulting two cells, becomes continuous with the 
dermatogen, while the lower C\, forms part of the periblem (Fig. 24). 

The mature seed (Fig. 25) consists of a large more or less oblong 
embryo with fairly long and equal cotyledons. The hypocoty- 
ledonary portion including the radicle and the cotyledons are more 
or less equal in length. Cook (1924) reports that in Linaria 
vulgaris, the mature seed consists of a very long embryo, with short 
unequal cotyledons. In the mature seed, the two plerome strands 
of the two cotyledons meet that of the root in the hypo-cotyledonary 
region. Between the cotyledons, is enclosed the plumule which 
looks like a small papillate protuberance. The embryo is embedded 
in a mass of endosperm cells, which is surrounded by a single layer 
of prominent cells, with thick cell walls. This layer of cells has a 
protective function. All these are surrounded by a seed-coat con- 
sisting of large thin- walled cells. 

The development of the endosperm has always 
been an interesting feature of the Scrophulariacese^^^^^^^W forma- 
tion from the very first division of the primary endosperm nucleus 
is almost the rule in this family. In Angelonia cellular endosperm 
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is fotind. The primary endosperm micieus moves from the m 
part of the emhryo-sac and comes to lie close to the egg (Fig. 19). 
There, after undergoing a period of rest, it divides a number of 
times to form a single row of cells (Fig. 20). Divisions in planes 
perpendicular to the original soon set in and serve to increase 
the endosperm tissne (Fig. 21). 

Eaustofium. — Endosperm hanstoria are a characteristic feature 
of the Scrophnlariacese. They have been reported in almost all the 
members worked out so far, including those which exhibit free-nuclear 
division of the endosperm nucleus. Two kinds of endosperm hanstoria 
usually occur, the micropylar and chalazal. In some cases, one of 
them is present, in other cases both kinds of hanstoria are met with. 
With regard to their number, shape, size, structure, the number of 
nuclei present in the haustorial cell, and the degree of their aggres- 
siveness, much variation has been found but their presence in some 
form or other has always been a constant feature. In Angelonia^ 
however, no endosperm haustorium, either micropylar or chalazal 
is noticeable. Schertz (1919) reports that no hanstoria are to be 
found in Scoparia^ but reports instead the presence of a tissue com- 
posed of many cells in the chalazal end of the ovule. It is supposed 
to pass on nutritive material to the embryo and the endosperm. 

IV. Dopatrium lobelioides Bmtli, 

This is a small marshplant which grows in profusion in the 
rice fields, soon after the rains. The plant growls to a height of 
about 18 inches. There is a group of leaves at the base. Above, 
the leaves are very much reduced. Flowers are borne terminally, 
and are pedicelled. The corolla is bilabiate, the posterior lip 
coirsisting of two lobes and the anterior consists of three lobes. There 
are two fertile stamens and two undeveloped stamens. 

Development of the Female Gametophyte, — The ovary in 
Dopatrium is different from the majority of Scrophularious plants. 
Bilocular ovary and axile placenta are the characteristic features 
of a large number of members of this family. In Dopairhim 
the ovary is uni-locular and bicarpeliary, and the numerous 
anatrox)ous ovules are arranged on both sides of two parietal 
placentae. Even before the initiation of tlie integument, the 
primary archesporium is differentiated as a bypodtmial cell and 
is more prominent than the surrounding cells (Eig. 26). Fig. 38 
shows a plate of two archesporial cells. The primary arehesporium 
increases in size, elongates and directly functions as the megaspore 
mother-cell (Fig. 27). Just at the time wrhen the archesporium 
increases in size and assumes the role of the megaspore motliei-cell, 
the primordium. of the single integument appears as an annular out- 
growth from the base of the ovule and grows down towards the 
placenta very rapidly. The megaspoxe mother- cell as soon as it is 
formed is surrounded by a single layer of nucellar tissue. This 
single layer of nucellar cells is short lived for it soon becomes caught 
as it were, between the enlarging megaspore mother-cell and 
the integument and is finally crushed. 
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Tapetum. — As a result of tlie breakdown of this single layer of 
niiceliar tissue, investing the megaspore mother-cell, the innermost 
layer of the integument comes into direct contact with the sides of the 
embryo-sac. This layer of cells becomes conspicuous, on account 
of the regularly arranged rectangular cells, and they soon come to 
possess rich cell contents. This differentiation comnieiices simul- 
taneously from the micropylar and chalazal ends of the embryo- 
sac. This single layer of cells differentiated from the integument 
appears as a row or band of cells on either side of emhryo-sac 
(Fig. 31). This layer of cells is the tapetuni and has a nutritive 
function. A similar method of origin of the tapetum has been 
recorded by Cooper (1931) in Lycopersieum eseulentmn. The 
tapetum does not surround the emhryo-sac . completely. At the 
chalazal and micropylar ends of the emhryo-sac, only ordinary cells 
are found (Fig. 31). In Yanddlia scabra, VandeUia liirsuta (Krishna 
Iyengar, 19395) and in VandeUia eniMacea described later in this 
paper, the active tapetal layer is confined to the chalazal half of 
the embryo-sae, the tapetum ending abruptly at the micropylar 
end, though Schmid (1906) found that the tapetum might cover all the 
emhryo-sac in certain cases. In Stemodia viscosa, Krishna Iyengar 
(1939c) found the tapetum covering the entire emhryo-sac 
except the chalazal end, though my own observations on the same 
plant described later differ from his. The cells of the tapetum axe 
roughly rectangular in shape and lie with their long axis perpendicular 
to the" embryo-sac. They contain dense cytoplasm, and a sirgle 
prominent nucleus and as the tapetal cells grow in size, a vacuole is 
formed. Svensson (1926) has reported the occurrence of starch 
keroels in the tapetal cells of Hyoscyamus niger. The tapetal cells 
covering the embryo-sac are usually uninucleate, though binucleate 
tapetal cells are of common occurrence as in SoJanum melongena 
(Bhaduri, 1932), and in Orobanelie ccgyptiaca (Srivastava,' 1939). 
A distinct tapetal tissue surrounding the emhryo-sac has been 
reported in the Solanacea3 (Bhaduri, 1935), in the Labia.tese (Billings, 
1909), in the Lobeliaceai (Kausik, 1938) and in the Orobanchese 
(Srivastawa, 1939). 

Development of Emhryo-sac — At the stage when the megaspore 
mother-cell is about to enter upon the first reduction division, the 
ovnle consists of an elongated megaspore mother-cell, surrounded 
by a single layer of niicellus. The bulk of the ovule at about this 
stage consists of the integument. As a result of the first reduction 
division, a dyad of megaspores are formed (Fig. 29). The dyad by 
another division gives rise to a linear tetrad of megaspores 
(Fig. 30). The one towards the chalazal end persists, while the 
remaining three megaspores degenerate. The functioning mega spore 
increases considerably in size, before its nucleus divides to give 
rise to an ordinary binucleate emhryo-sac (Fig. 31). Figure 32 
represents the four-nucleate embryo-sac. The eight-nucleate embryo- 
sac is derived in the usual manner. The mature embryo-sac is 
roughly spindle-shaped except for the fact that there is a bulg- 
ing of the embryo-sac near the micropylar end (Fig. *33). The 
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eigM-nucleate embryo-sac consists of two prominent synergids, an 
egg-cell, two large sized polar nuclei, and tliree antipodal cells. 
Each of the synergids, has at its base a large vacuole above 
which the nucleus is placed. In the egg cell towards tlie base is 
the nucleus, and above it there is a large vacuole. The polar nuclei 
are the largest nuclei in the embryo-sac (Fig. 33). Large sized 
polar nuclei of the kind occurring here, have been reported, in a 
number of plants belonging to various families and in Benjplndaria 
marylandica Schertz (1919) found the diameter of the polar nuclei 
to be twice that of either the egg, or the synergids. The two 
polar nuclei meet in the middle part of the enihryo-sac and 
fuse. Soon after fertilization, the anti|)odals as also the synergids 
degenerate (Fig. 35). 

B7ido8perm,— In the post-fertilization embryo-sac, the triple fusion 
nucleus m the most prominent and largest nucleus in the enihryo-sac 
and it lies more or less in the middle of the embryo-sac (Fig. 34). 
The fusion nucleus undergoes a period of rest after which it divides. 
It divides long before the division of the oospore. The first division 
of the fusion nncleus is transverse, the division being fcllowcd by 
wall formation, as a result of which the embryo-sac is divided into 
two large, superimposed endosperm ceils (Fig. 35). The cell which 
undergoes the nev I divison, is the niicropylar one. It undergoes 
a first longitudinal division (Fig. 35) followed by wall formation 
and as a result three endosperm cells are formed in the embryo-sac. 
The chalazal endosperm cell now undergoes a longitudinal division 
followed hy septation. The number of endosperm cells becomes 
four (Fig. 36). The two chalazal cells without undergoing any 
further division whatsoever, begin to function directly as the two 
chalazal haustoria and show signs of their liaustorial nature. The 
two micropylar endosperm cells undergo another longitudinal 
division, at right angles to the first division. As a result, two tiers 
of two cells each are formed. These two tiers of cells undergo a 
transverse division giving rise to two ' tiers of four cells each 
(Fig. 34). The two tiers of cells towards the micropylar end (Fig. 34) 
undergo another transverse division to form on the whole, two tiers 
of six" cells each (Fig. 37). The middle tier of four ceils, by 
repeated division, develops into, the endosperm tissue, while the 
micropylar tier of two cells produces the four-nu cleat e micropylar 
haustorium. A few layers of the cells of the endosperm tissue 
towards the chalazal and micropylar haustoria are smaller in size 
than the remaining cells of the endosperm tissue and have richer cell 
contents and take a deeper stain (Figs. 39 and 40). These modified 
endosperm cells do the function of conduction of food materials 
instead of the usual one of storage. This kind of modification of 
some of the endosperm cells is intended to pass on the nutritive 
substances absorbed by the two types of haustoria, to the develop- 
ing embryo and endosperm. Such modified endosperm cells have 
been recorded in Bopubia delpltinifoliay Alonsoa A^'p.f IsopJexi^ caria- 
riensis, Celsia coromandeliana and others (‘Krishna Iyengar, 1937, 
1939a). 
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The two chalazal hanstorial cells eloBgate and reach more or 
less the chalazal end of the OYiile. Their niiclei are large and 
prominent and lie more or less in the middle of the cells.' Soon 
after the elongation of the chalazal haiistorinm towards the chalazal 
end has come to a stop, the two chalazal lianstoria give rise to small 
protuberances on the side nearer the epidermis of the ovule. This 
protuberance grows rapidly sideways towards the epidermis of the 
ovule at first then down towards the micropylar end (Fig. 39). The 
nuclei of the haustoria migrate towards the protuberance and continue 
to remain at the tip of the growing haustorial protuberance. These 
two branches of the chalazal haustoria grow along the integument , 
one on either side of the embryo-sac and parallel to the tapetum 
towards the micropyle (Fig. 39). They were seen to reach nearly 
the middle of the ovule. A similar case has been found in EMmflii- 
earjpa longiflora (Krishna Iyengar, 19395), where the tetranucleate 
micropylar haustorium eats its w^ay through the integument and 
reaches very nearly the chalazal haustorial tube. A layer of cyto- 
plasm always surrounds the nucleus of the haustoria. The nuclei 
during this stage are not hypertrophied. Food materials are 
absorbed from the cells of the integument by these two chalazal 
haustoria and passed on to the endosperm. The chalazal haustoria 
are thus very aggressive and display a great degree of haustorial 
efficiency. The micropylar haustorium which is four-nucleate is 
also aggressive. It absorbs nutritive material from the microp 3 /lar 
end of the ovule. Compared with the chalazal haustoria, the 


ends of the embryo-sac. X 1500. Fig. 2S. Post-fertilization embryo-sac. 
The triple fusion nucleus and the oospore are seen. X 1500. Fig. 35. 
The endosperm nucleus has divided into two cells. The micropylar cell 
is undergoing a longitudinal division. X 1500. Pig. 36. The chalazal 
endosperm cell has also divided longitudinally. The two cells function 
as the chalazal haustoria. The two micropylar cells (the two tiers of cells 
are not shown in the figure ) undergo a transverse division to give rise to 
four cells. (Two tiers of four cells each) (see Fig. 34). X 1500. Fig. 37. 
The two cells towards the micropylar end undergo a transverse division. 
Thus six micropylar cells (two tiers of six cells each) are formed. The 
oospore with its upper portion elongated is surrounded by the endosperm 
cells. X 1500. Figs. 39-47 : JDopatrium Idbelioides, Fig. 39. The two 
highly aggressive chalazal haustoria. They have grown down towards the 
microiDylar end. ' Only the outermost layer of the integument is present. 
X 750. Pig. 40. Pour-nucleate micropylar haustorium. JSTote the modified 
endosperm cells towards the micropylar haustorium. X 750. Pig. 41. The 
elongated oospore, x 1500. Pig. 42. Two-celled embryo, x 1500, 
Pig. 43. Three-celled embryo, x 1500. Pig, 44. Pour-celled linear 
proembryo. X 1500. Pig. 45. Quadrant. x 1500. Pig. 46. Octant. 
X 1500. Pig. 47, Shows the primary meristems. The dermatogen and 
the plerome are shaded. X 1500. Pigs. 48-55 : Stemodla viseosa. Pig. 48. 
Hypodermal archesporium. x 1500. Pig. 49. Megaspore mother-cell, 
sui rounded by a layer of nucellus. X 1500. Pig. 50. The linear tetrad. 
The chalazal megaspore is the functioning one. x 750. Pig. 51. 
jBi-nuclea,te embryo-sac. x 1500. Pig. 52. Pour-nucleate embryo-sac. 
X 1500. Pig. 53. Eight-nucleate embryo-sac. x 1500. Pig. 54. Shows the 
position of the E'ght-nucleate embryo-sac in the ovule. The tapetum is 
not present at the chalazal and micropylar ends of the embryo-sac. 
X 750. Pig. 55. Note the large endosperm nucleus and the long synergids. 
X 1500. 



210 


V. K. SBlNitABAN 



raicropylar liaiistoria are less aggressive. In the later stagesj the 
mielei of the niicropylar hanstorium get hypertrophied. 

Embryo.—After fertilization, the oospore undergoes a period of 
rest, usually till a considerable amount of endosperm tissue has. been 
formed. The upper portion of the oospore now undergoes extensive 
eion^’ation, without cell formation. The oospore is thus brought 
down right into the endosperm tissue, which is developing rapidly 
in the ceiiural portion of the embryo-sac and this is characteristic 
of most of the mejnbers of the Scrophulariaceae, in which micropylar 
haustoria have been recorded. The embryo-sac at this stage can 
bo differentiated into at least two portions ; an upper or micropylar 
portion containing in the earlier stages the egg apparatus, and in 
the later stages, the upper portion of the elongated suspensor and 
the micropylar haustorhim and a lower or chalazal part in which 
the endosperm tissue and the embryo proper develop. A similar 
condition is to be found in most of the members of the Scrophu- 
lariace£e, and in various members of the Lahiatae, reported by 
Billings (1909). In the early stages, the activity of embryo forma- 
tion is very small compared to the development of endosperm tissue. 
This is also a characteristic feature of this family and has been 
recorded in Isoplexis canariensU and Gelsia coromandeliana and others 
(Krishna Iyengar, 1939a). . 

The first division of the oospore (Pig. 41) is by a transverse wall 
(Pig. 42). Of the two resulting cells, the lower one gives rise to the 
embryo proper and the upper one to the suspensor. Pig. 44 shows 
the four-celled linear proembryo. The regions in the mature embryo, 
to which these four cells give rise, are the same as described before, 
for Angelonia. The arrangement of the cells in the four-celled pro- 
embryo may be in either of two ways ; either they may be linear, as 
in the present case, or, the lower two cells may lie side by side, in 
which case the four-celled proembryo would be three cells long. The 
latter type of arrangement is found in families like Cruciferese, 
Bananculacese (Souges, 1913, 1919), Oapparidacese (Eaghavan, 

1937) while the former arrangement is characteristic of the Eubia- 
cese, Solanacese (Soiiges, 1922, 1924), Leguminose^ (Cooper, 1933) 
and in the Orobanchese (Srivastava, 1939). A longitudinal wall 
formed in the lowermost cell of the four-celled prcembryo gives rise 
to the quadrant stage (Pig. 45). A transverse wall across the 
quadrants, results in the octant stage (Pig. 46). Pig. 47 shows a 
later stage, in which the primary meristems have been differentiated. 
The mature embryo is essentially similar to that found in Angelonia 
and Stemodia, 

V. Stemodia viscosa Eoxb. 

Stemodia viseosa is a highly branching herb and grows pro- 
fusely in waste places. The leaves are opposite and they clasp the 
stem. Piowers are borne in the axils of leaves and are stalked. 
There are four fertile stamens. The mature embryo-sac and the 
development of the edosperm in this plant have "recently been 
described by Krishna Iyengar (1939c). My own observations with 
regard to these points differ from his. 
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TM Orgamgeny of the Flower.— The floral organs do not arise 
in acropet-al sneGession. The order of development of the floral 
organs was the same as that found in Angdonia iiaineiy, calj^Xy 
stamens, corolla, and la^stly the carpels. The exact mode of origin 
of the primordinm of the yarions floral organs is essentially the 
same as that described in 

Berelopment of the Ot? 2 /Ze.— The ovule is typically Scrophularioiis, 
being Mearpellary with numerous anatropous ovules on an axile 
placenta as found in Angelonia. The arohesporium is differentiated 
as a hypodermal cell very early in the ovules, even before 
primordinm of the single the integument has originated. The 
archesporiuni directly functions as the megasporc mother-cell 
without cutting of any parietal cell. The archesporiuni (Fig. 48) 
increases in size and becomes the megaspore mother-cell (Fig. 49), 
wiiich is soon surrounded by a single layer of nuceilar cells. 
Just as the time, when the arohesporium begins to function as 
the megaspore mother-cell, the primordinm of the single integument 
appears and grows down towards the placenta. The develop- 
ment of the integument is very rapid. As it growls, the ana- 
tropous nature of the ovules is assumed. The integument when 
fully fmmed is about 3 to 4 cells in thickness, but soon becomes 
5 cells thick by the division of the cells of the integument (Fig. 54). 
The megaspore mother-cell elongates considerahlx prior to the reduc- 
tion division. Fig. 50 shows the tetrad of megaspores. The 
chalazal one is the functioning megaspore, w-hile the three micro - 
pylar ones degenerate. The development of tlie eight-nucicate embryo- 
sac is quite normal and the various stages leading up to it are shown 
in Figs. 51 to 53. Just when the single layer of nucellus investing 
the megaspores show signs of degeneration, the innermost layer pf 
the integument becomes differentiated into a tapetum surrounding 
the embryo-sac. This integumentary tapetum, as in many other 
members of this family, does not surround the embryo-sac com- 
pletely. At the mioropylar and the chalazal ends of the embryo - 
sac, only ordinary cells are found (Figs. 51 to 53), Krishna Iyengar 
(1939c), however, reports that the tapetum sheathes the non-clilated 
mioropylar portion also. The tapetal cells are of the usual rect- 
angular shape and are uninucleate, The mature embryo-sac is 
rather deeply placed in the ovule, so that there aie at the most only 
two layers of cells between the chalazal end of the embryo-sac and the 
epidermis, while between the mioropylar end of the embryo-sac and 
the outer epidermis, there are about three to four layers of ceils. 
Krishna Iyengar’s figures, however, suggest that there are about 
seven intervening layers of cells. In the mature embryo-sac the 
chalazal end is rather broad, while the mioropylar end is tapering. 
Krishna Iyengar also found the mioropylar end to he rather tapering. 
He, how^ever, reports that the chalazal part of the embryo-sac is 
very much enlarged, even before fertilization, and that there is an 
accumulation of starch grains in that region, and suggests that it 
may have a haustorial function even before, it is separated by a cross 
w^all during the division of the endosperm nucleus, I have not 
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foiiiid any sncli enlargement of the chaiazal end of the embryo-sac 
before or even after fertilization. 

Endosperm Haustoria ,. — The first division, of the fusion nucleus 
is transverse, resulting in the formation of two superimposed cell 
in the embryo-sac (Figs. 56 and 57). The micropylar cell then 
di%ucles longitudinally (Fig. 57). The chalazal cell also divides longi- 
tudinally. Tbe resulting two cells assume the role of chalazal 
haustoria without any further division (Fig. 58). The two 
micropylar cells (Fig. 58) again divide longitudinally, at right 
angles to the first division, so that two tiers of two cells 
each are formed (Fig. 58). Two transverse walls laid down 
across these two tiers of cells produce two tiers of six cells 
each (Figs. 59 and 60). The two micropylar haustorial cells 
curve round the oospore, which in the meantime grows down 
towardvS the endosperm. Thus ultimately the micropylar haustorial 
cells come to lie side by side beyond the oospore. These endosperm 
cells towards the micropylar end form the four- nucleate micropylar 
haustorium (Fig. 61). The four tiers of ceils in the middle of the 
embryo-sac by repeated divisions give rise to the endosperm tissue 
proper. Krishna Iyengar also found a fonr-nucleate micropylar 
haustorium. When the two types of haustoria have just been laid, 
the integument is about five cells thick. As the growth of . the 
enclosperm tissue proceeds, the integument decreases in thickness. 
This is due to the fact, that the tapetum is constantly digesting and 
absorbing the contents of the integumental layer close to it and 
passing it on to the developing endosperm tissue. This process 
of absorption of food materials from the cells of the integument by 
the tapetum and its subsequent transference to the endosperm 
tissue continues, and when the endosperm tissue is fully formed, 
there is left but a single layer of cells namely the outermost layer 
of the integument (Fig. 61). The tapetum thus serves a double 
purpose, absorption of food materials from the integumentary 
region and its transference to the endosperm tissue. In addition 
to the tapetum, the two types of haustoria also absorb nutrition 
from tbe two ends of the ovule. 

Embryo . — The oospore undergoes a long period of rest during 
which time it elongates considerably, so that its lower end comes 
to lie in the midst of the endosperm tissue, which has been formed 
in the meantime. The oospore, as in the case of Dopatrium, begins 
to divide only after a considerable amount of endosperm tissue 
has been formed. The development is similar to that described 
for JDopatrium, 

The Mature Seed . — ^It consists of a roughly oblong embryo 
with rather short and equal cotyledons (Fig. 63), A small amount 
of endosperm tissue surrounds the embryo. This is surrounded 
by a single layer of thick-walled cells. The seed-coat consists of 
a single layer of thin-walled cells. 
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VI. VandelUa ermtacea Bentli. 

YaMeUia is a small Mglily brancMng prostrate marsl}^^ Jierb. 
Mowers arise singly in tlic axils of leaves and are pedicelled. The 
corolla is bi-labiate, consisting of two posterior lobes and three 
anterior lobes. There are four fertile stamens. The ovary is 
bilocular with numerous anatropous ovules. 

The development of the ovule and the embryo-sac is quite 
normal and is similar to those described in the case of Angelonia, 
I)opatrnim, ^iid Stemodia, As usual, a hypodermal arcliesporial 
cell is formed, which directly functions as the megaspore mother-cell 
(Fig. 64). There is a layer of nucellar cells surrounding the mega- 
spore mother-cell (Fig. 65). A single integument is formed as usual. 
The megaspore mother-cell is rather longer in VandeUia than in the 
other membe-^s described before (Fig. 65). Fig. 66 represents the 
linear tetrad of megaspores. The chalazal one is the functioning 
one (Fig. 67). Fig. 68 shows the binucleate stage. All the four 
nuclei of the four-nucleate embryo-sac do not divide simultaneously. 
One of the two nuclei at each pole of the four-nucleate embryo-sac 
divides earlier than the other. As a result, there is a six-nucleate 
embryo-sac stage (Fig. 69). The micropylar portion of the embryo- 
sac is very much enlarged and the integument does not surround 
this swollen micropylar end of the embryo-sac. Such extra-ovular 
embryo-sac seems to be a common feature of the genus VemdeUia, 
and has been reported by Krishna Iyengar (19395) in two species 
of Yandellia, Jiirsuta and seahra. The enlarged micropylar end of 
the embryo-sac is pressed against the placenta and the funicle and 
probably absorb food materials directly from them. The chalazal 
half of the embryo-sac is bent and is somewhat long and narrow 
(Fig. 70). The embryo-sac is straight till the six-nucleate stage 
and the bending takes place after the six-nucleate stage. The 
integumentary tapetum encloses only the bent chalazal half of the 
embryo-sac. The cells of the tapetum are similar to those described 
for the previous genera and are uninucleate. In the eight-nucleate 
embryo-sae, there are two synergids, and egg nucleus, and three 
aotipodals. The polar nuclei meet near the bend of the embryo- 
sac, .and fuse (Fig. 70). The synergids degenerate after fertilization. 
The antipodals, on the other hand, are persistent and they can be 
seen even till after the division of the endosperm nucleus (Figs. 71 
and 72). 

Endosperm. — The fusion endosperm nucleus, after a period of 
rest, divides transversely. The division is followed by wall 
formation, resulting in two endosperm cells, the chalazal and 
micropylar (Fig. 72). The latter divides twice longitudinally as 
in the case of Dopatrium and Stemodia to produce two tiers of 
two cells each (Fig. 73). These two tiers of cells divide trans- 
versely this time, and thus two tiers of four cells each are formed 
(Fig. 74). The endosperm cells towards the micropylar end 
develop into a four-nucleate micropylar haustoriiim. The cross- 
wall disappears and the hamstorium is ultimately one chambered 
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(Fig. 76). Tlie clialazar liaiis^ iiiidcagGes a kiiigituilliial 

division and tlie resiiitiiig tivo cells ‘beccmG the clialazal liatistoriol 
-cells, jFig. 75).: These two- chalazal cells cdteii fuse as also tlieir 
nuclei. As , a resnlty in older clialazal lianstoria orJy one liiicleiis 
is to, , be, found (Fig. , 74-)., "The' -two tiers of endc sperm cells in tlie 
middle of the embryo-sac give rise by repeated division to the 
endosperm tissue. 

Emlryo. Some of the stages in the ■ development of the 
embryo have been , observed .aiid they are esseiitially similar to 
that described for the previous members. 

TcqMum.—Tlie tapetum ‘as- has alread,y been stated, siirroiouls 
only the bent and the narrow chalazal half of the embryo-sac 
(Fig. 70). The cells are of the usual lectangiilar shap'e and are 
more or less equal in size. The single imeieus of the tapetal cells 
is situated in that end of the cellj which is close to embryo-sac 
and in the opposite end of the cellj is a large vacuole. This kind 
of arrangement of the nuclei and the vacuole in a uniform manner 
is to be found only in VancMlia (Fig. 70). After a considerable 
amount of endosperm tissue has been formed, and the two kinds 
of hauBtoria have been laid down, a few, particularly^ two or 
three cells of the tapetum increase considerably in size and in 
older vacuoles, they are many times bigger in size than they 
originally were (Figs. 73 and 74). These cells of the tapetum 
absorb nutrition directly from the cells of the integument and 
pass it on to the endosperm tissue. By this process of 
transmission of the contents of the cells of the iritegument, to the 
developing endosperm, the whole of the integumentary tissue is 
eaten up and in older ovules, only the epidermis of the integument 
is left. 


tiers of micropylar cells. X 1200. Fig. 50. Shows the two chalazal 
haiistoria and the two tiers of four micropylar cells. X 1200. Fig. 00. 
A later stage showing two tiers of six micropylar cells and the two chalazal 
haustorial cells. X 700. Fig. 61. Four-nucleate micropylar haustoriiim. 
X 750. Fig. 62. Shows the relative positions of the chalazal and micro- 
pylar haustoiia, and the endesperni tissue and the embryo. x 355. 
Fig. 63. Mature embryo. X 355. Figs. 61-76. Vandeltia Crustacea. 
Fig. 64. Hypod<?rmal archesporiiim. x 750. Pig. 65. Slegaspore motber- 
cesS suiTomided by the imcellus. X 750. Fig. 66. Linear tetrad. The 
functioning megaspore is the chalazal one. Tiie single layer of micellar 
tissue shows signs of degeneration. X 750; Fig, 67, The imrennost layer 
of the integument is differentiated into the tapetum. x 750. Fig. *68. 
Bi-nucleate embryo-sac, Note the remains of the degenerat:ed nucelius 
and the integumentary tapetum. X 750. Fig. 69. Six-nucleate enibrjo- 
sac. X 1200. Fig. 70. Eight-nucleate embryo-sac. Note tlie bent and the 
extra ovular embryo -sac. The tapetum is confined to the chalazal half of 
the embryo-sac. X 750. Fig. 71. The endosperm nucleus situated 
close to the oospore. Note the persistent antipodals. X 750. Fig. 72. 
The endosperm nucleus has divided into two cells. X 750. Fig. 73. The 
micropylar ceil has divided longitudiimlly into^ two cells. Some of the^ 
tapetal ceils have enlarged eonsiderably. X 355, Fig. 71-. Shows the* 
uninucleate chalazal bans torlum. Four-nucleate micropylar haustorium and 
the endosperm. X 355. Fig. 75. The bi nucleate chalazal haustorium, 
the nuclei about to fuse. X 1500. Pig. 76. Four-nucleate micropylar 
haustorium. X 750. 
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VIL Discussion 

Bersisteni 8ynefgid8.—l£ (1937) observes Abnorm- 

alities coneerning the synergids are mncli rarer. Eodolico (1930) reports 
that they are specially prominent in Buplithalrntm salicifolium and 
Psetow (i931) writes that in Dysoiri/ZmramtfoHa they reach almost to 
the middle of the embryo-sac”.. Persistent, synergids have also been 
reported in a few other plants belonging chiefly to the Gompositae and 
Berberidacea3. In this connection, it may be mentioned, that the 
Small (1919) has recorded the occurrence of antipodal hanstoria in 
Campanula amerimna. Campanula rotundifolia^ Sbiid Lobelia infiata, 
Manritzon (1936) has observed the persistence of one of the synergids 
in Berbefis mlgaris, S. ereUcay B. empetrifoUa md m MaJionia aqui- 
folkm: He observes, in this connection, Aller Wahrseheinliehkeit 
naeh ist es diejenige Synergide, die nicht vom Pollen schlauch 
dnrchdrnngen wird, die sich welter entwiclielt, wahreiid die andere 
sclmell degeneriert In these plants, one of the synergids persists 
and assumes a hanstorial character. Hegelmair (1886) and 
BicMriger (1907) have reported that in Glirysosplenium alternefolium, 
the synergids may persist and become hypertrophied. Ganmann 
(1919} has on the other hand proved that this is on account of a 
mistake on the part of the authors. He says they are really sus- 
pensor cells, and have been mistaken for synergids. Dahlgren 
(1924) and Schurhoff (1926) have studied the genm Calendula and 
have found that a large synergid haustorium is developed. Dahlgren 
(1924) has also reported a similar synergid haustorium in TJrsinia 
antJiemoides. In this connection he says, Genaii wie bei Calendula 
entwickelt sich ein Synergidenhaustorium. Es verlangert sich 
stark und frisst sicli bis zum Eunikulus vor, was aus der in Fig. 4 
reproduzierten Mikropliotographie hervortgeht ”. The synergid 
haustorium in this plant grows towards the micropylar end of the 
ovule and reaches very near the funicle. This work of Dahlgren 
was afterwards confirmed by Schurhoff (1926), 

In Angelonia, the two synergids persist and even increase in 
size to some extent, but they do not develop any haustorial protu- 
berance similar to that found in TJrsinia antliemoides. It cannot 
be said definitely whether they perform any haustorial function, 
without developing any haustorial protuberance, such as is the case 
in Berberis and Malionia (Mauritzon, 1936). But their persistence 
taken in conjunction with the absence of any endosperm haustorium, 
either chalazal or mictopylar, seems to be of mme significance. 
Because, endosperm haustoria have always been a very characteristic 
feature of the Scrophulariacese and wherever endosperm haustoria 
were reported, their function has always been one of supplying 
nutrition to the embryo and the endosperm. The absence of any 
kind of endosperm haustoria and the presence of persistent synergid 
instead, seems to be of some significance. It may not be improb- 
able that these synergids, are haustorial in function, replacing to 
some extent the endosperm haustoria, which are a feature of almost 
universal occurrence in this family. So far as is known, the only 




■ ; STUBim IW TEE B€BOFEULAMIAOEJS—II 217 

other genus of this family, where haustoria do not occur is 
Bcofmia (Schertz, 1919). Unfortunately^ howe-ver, the work in 
question is not of such a detailed character as to throw an} light 
upon this aspect. This genus is now being inYestigated to find out 
whether the haustoria are really absent and if so, whether this is 
correlated with the persistence of the synergids, such as has been 
found in the genus Angelonia, 

Endosperm Bmisioria. — The method of formation of the 
endosperm haustoria in the genera inyestigated seems to be 
more or less similar to one another, but different from cases 
already reported. In the majority of the genera a row of 
three cells is formed of which the middle produces endosperm 
tissue, w^hile the other two give rise to the mieropylai and 
chalazal haustoria respectiyely. These, howwer, vary in form 
and in the number of cells composing them. For example, while 
in Alonsoa, Isoplexis and Gelsia (Krishna Iyengar, 1937, 1939^) this 
three-cell method Js adhered to, variation is to be found in the make- 
up of the haustma. In all the three genera, the mieropylar 
haustorinm is four-nucleate, and the chalazal haustoiium in Alomoa 
consists of two uni-nucleate cells, w^hile that in 0dm Isoplexis 
are four-nucleate. In other genera, different methods of formation 
of the haustoria have been observed. In Bonnaya (Krishna Iyengar, 
1931) the fusion nucleus divides once transversely resulting In the 
formation of two cells. The chalazal one divides longitudinally, 
the resulting two cells are organised into the chalazal haustorinm, 
and the mieropylar cell, by a series of divisions, gives rise to four 
simple unbranched vermiform UGiieropylar haustoria, and endosperm 
cells towards the interior. In Striga Iniea (Mitchell, 1915) a trans- 
verse division of the endosperm nucleus occurs and two cells are 
formed. The nucleus of the chalazal cell divides once without 
septation, and this bi-nucleate cell becomes the chalazal haustorinm. 
The mieropylar cell divides repeatedly each division foliow^cd by 
wall formation. Ko definite mieropylar haustorinm is present. 
In the present investigation, the general method followed is diff- 
erent from any of those mentioned above. The first division is 
transverse resulting in the formation of two superimposed cells. 
The mieropylar cell divides twice longitudinally in two planes at 
right angles to each other, to produce two tiers of two cells each. 
The chalazal cell also divides longitudinally, the resulting two cells 
become the chalazal haustoria. The two tiers of mieropylar cells 
form two tiers of six cells each as a result of the formation of two 
transverse cross-w^alls. The two tiers of cells tow^ards the micro- 
pylar end x)roduce a four-nucleate haustorinm, while the remaining 
tiers of cells in the middle of the embryo-sac produce the endosperm 
tissue. In VandelUa, however, there is but one transverse division 
of the two tiers of mieropylar cells. 

Iniegumentary Compared to the. constant presence 

of the tapetal tissue in the micro-sporangium, the occurrence 
of a tapetal layer surrounding the embryo-sac, is only rarely 
to be met with. In the microsporangia, the tapetum, which 
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is closely adpressed to the microgpore mother-cellSj is hoimded 
on the outside hj tliiee or four layers of wall cells. Generally in 
the pollen sac, the innermost parietal layer functions as the 
tapetiim. In the genera investigated, no parietal tissue as 
such is organised, the hypodernial archespoiium fiirictioning 
directly as the megaspore mother-cell, without cutting off 
primary wall cell This, however, is made good by the single 
massive integument the innermost layer of w’-bich differentiates as 
the tapeduni, which iiltimately comes to envelop the embryo-sac, the 
intervening nucellus having degenerated. . This takes place, when 
the linear tetrad is being organised. The contents of the cells of 
the tapetum in the microsporangium undergo cytological clianges 
while in the ovules, the tapetal cells do not exhibit any cytological 
changes in their cell contents. This difference is due to the difference 
in the part played by them in supplying nutrition to the develop- 
ing gametophytes. In the micrcsporangium, the tapetal cells 
theniselves supply nutrition to the developing microspore mother- 
cells. The tapetum in the ovule, on the other hand, absorbs nutri- 
tion from the cells of the integument and passes it on to the endo- 
sperm, where it is stored up to be utilized by the developing embryo. 
Another difference between the tapetum in the anther sac and that 
in , the ovule is that ^vhile in the fcrmer, the supply of nutrition is 
required only for a short period of time, in the latter, the supply of 
nutrition by the tapetum continues for a very long period, till the 
formation of the m^ature embryo. When the tapetum has completely 
absorbed and transmitted all the nutrition contained in the integu- 
mentary tissue, and there is no more of the integumentary tissue 
left, the tapetum in the ovule often takes on a protective role. A 
well-developed tapetum of integumentary origin, surrounding the 
embryo-sac, is p>i‘osent in most of the members of the Scrophularia- 
cca?, as also- in many other plants of the Sympetate, mentioned 
earlier. The function of the tapetum, in most cases, is one of 
absorbing nutrition from the tissue of the integument, adjacent to it 
and traiisferring them to the endosperm tissue. Thus the tapetum 
has two distinct functions, firstly absorption of food materials from 
the integument and secondly their storage and transportation to 
the endosperm tissue. Besides these two functions, a third function 
has often been ascribed to it. In Gelsia (Krishna Iyengar, 1939) 
and Lobelia (Kausik, 1938) the tapetum has been found to serve as 
a protective layer. As the epidermis of the testa in the mature seed 
is composed of thin-walled cells it serves no protective function. 
As a result, the task of developing a protective layer has fallen upon 
the tapetal tissue. The inner wails of the tapetal cells become 
thickened greatly and they seem to perform a protective function. 

YIII. SUMMAEY 

1. The order of development of the floral parts in Angelonia 
and Btemodia is found to be calyx, stamens, corolla and pistil. 

2. The ovary in Angelonia^ Btemodia and Yandellia is bi-carpel- 
lary with axile placentfc, while in Dof atrium^ it is uni-locular and 
bi-carpellary, with parietal placentae. 
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3. In all the members described above, a hypoderiiial arches- 
poriiim directly functions as the megasporc mother-cell. A 
linear tetrad of megaspores is formed, the chalazal one being tlie 
functional one. 

- , 4. The mature eight-nucleate 'embryo-sac Is essentially similar in 
all the above members, except in VandeUiaj where the elialazal half 
of the embryo-sac is bent a-t an angle to the micropylar part and the 
micropylar part of the embryo-sac is very much elongated and 
swollen so as to form an extra-ovular embryo-sac. 

5. A single layer of nueellar tissue wliicli degenerates very soon 
is a characteristic feature of all the members cleserihcd. 

6. An integumentary tapetum is formed in all the members 
except in Angclonia, ■where it is absent. The tapetum has a nutri- 
tive function in all cases. The tapetum of the anther and tlie 
ovule are compared. 

7. The antipodals are ephemeral in Siemodm and 

Dopatmm, while in VandelUa they are persistent. As a rule, the 
synergids degenerate after fertilizatioii. But in AngeJonia, they 
not only persist but also present an enlarged size, upto a late 
stage in embryo-formation. The possible correlation of this with 
the absence of haustoria of any kind, micropylar or chalazal, in the 
genus, is suggested. The haustoria are, however, the rule in the 
other genera investigated. 

8. Details of endosperm development are given in the case of 
Dopatrium, Btemodia SbnA VandelUa. The niicrop37lar haAistoriuni 
in all the memliers is four-nucleate, while the chalazal haustorium 
is composed of two uninucleate haustorial cells, which often fuse 
in VandeUia. 
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Introbtjctiok 

Many attempts have been made by various workers to find out the 
effect of heat on the viability of seeds. Some o! them have applied 
heat to seeds previously soaked in water, while others have found 
out the effect of soil temperature on germination of various seeds. 
Livingston and Haasis refer to the effect of temperature on diy seeds 
thus: — Test with seed samples that had not received any preli- 
minary soaking at all gave results that were essentially like those 
secured with soaked seeds, excepting that the time period needed 
to give any specific germination percentage with a given maintained 
temperature was somewhat longer than unsoaked seeds were used 
as might be expected 2’ 

These and other authors were after finding out the germinating 
percentage with reference to temperature applied during the period 
of germination, but in the xuesent work an attempt was made to 
find out the relation of reserve food and the resistonce of seeds to 
high temperature as far as their capacity for germination was con- 
cerned. The seeds or the grains were incubated dry and were so-wn 
after incubation. A grain or seed was considered to have germinated 
when the white coleoptile or the radicle had emerged. 

Materials and Methods 

Starchy and oily seeds were experimented on; For oily seeds 
were taken 2 varieties of mustard (Brassica emipestris L. Yar 
8arso7i and B. Napus YB>r diehoioma) y Qotton {Gossypitm lierbaceiim 
L.) ; linseed {Linuni usUatissimum Jj*) I sesamum {Sesamtim indicum 
etc.); and the sun- flower {Eelianthus annum) ywMle ioi starchy 
seeds Eleusine comcaM Gaertn ; the Wheat {Tritieummlgare Yil]*) ; 


* Bead before tho Indiaft Science GoJigress at Indore in 1936. 
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the gmm (Gieer arietinum L.); Gucurhita Pepo L. md Lageharia 
Ser. were used, 

Tliey were first of all tested for tlieir germinating capacity. . 
The samples wMch germinated well were chosen for experiments. 
Some dry seeds of each type were incubated in the electric oven 
(Chas. Hearson & Co. j Ltd.) at a definite temperature for a certain 
length of time. 25 of each of these incubated seeds vrere sown 
separately with 25 unincubated seeds sown as control. The average 
of four such sets was recorded. Fluctuations of temperature during 
the experiments was not great and the record kept for the variation 
of day and night temperatures did not show much difference. So 
the experiments were under fairly identical environments. 

The first experiment with 2 varieties of mustard emd Meusine 
showed that the mustard stands the higher temperature better than 
Eleusine {Table 1). Both varieties contain more than 45Yo of oils 
md Eleukne coracana is almost wholly a starchy seed, containing 
only 2% of oils. It is clear therefore that oily seeds resist higher 
temperature than starchy ones. Among themselves B. nap^is has 
higher resisting power than 

Table 1 


Showing germination at various temperatures in relation to percentage 
of oil content and thichness of the testa 


Name 

of 

Per- 

cent- 

age 

Thickness 
of the 
testa or 

Percentage of germination 
in experimental seeds 

Percent- 
age of 
germina- 

seed 

of 

oil 

pericarp 
in jjL 

40 0. 

45 C. 

50 C. 

55 C. 

60 C. 

tion in 
control 

Eleusine 

2*0 

30-0 

58 

42 

20 


. 7-5 

100 

coracana 









Brassica 

49*0 

89-7 

97 >0 

77 

59 


52*5 

100 

sarson 









Brassica 

48-2 

53-1 

100 

90 

90 

.. 

1 80 . 

100 

napiis 









Triiicwn 

1'2 

65-0 

(pericarp) 1 

95 

1 90 

70 

50 

15 

80 

Sesamum 

45*0 

79-6 

100 

100 1 

90 

90 

80 ' 

90 

Linum 

25-0 

88-5 

98 

96 

80 ' 

90 

80 

90 

Cucurhita 

7.3 

88-5 


80 

70 


60 

90 

Pepo 









Gossi/pium 

30 -0 

143-7 

92 

90 

80 

60 

60 

100 

Lagenaria 

vulgaris 

1 *5 

619-0 


95 

85 


90 

90 



I 

u 
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To find tlie cause wfiy B. napus resists liiglier temperature better 
tlmn B. the percen^^^^ fats and oils were estimated 

before, and after incubation. ' contained 48*2% of oils 

and : B. eampestris 49 • 01 % • before incubation . Tlie percent a ge 
after incubating the seeds at 60° 0. was 47-01 in both tlie eases. It 
was thus clear that the difference in oil content is not the cause here. 

Sections were cut of the testa of the two varieties. B, naptis 
had a testa .of ,53 ‘Iju. in, thickness while eampestris had one of 
39 • 7 /x. , This indicates that the thickness' of, the testa might account 
for the better resistance of H. This conclusion was confirmed 

by later experiments. 

Eor the next experiment the wheat and the gram were chosen 
for the starchy seeds and cotton for oily ones. The incubation 
period, temperature and germination percentage are noted in Table 1. 
From these readings it is clear that the cotton seeds with fatty 
reserve resist the deleterious effect of high temperature better than 
the starchy seeds— the wheat and the gram. Among the starchy 
seeds themselves, namely wheat and gram, the wheat can eiiduTe 
higher temperature better than the gram — ^because the pericarp 
of the former is thicker {65/x) than the testa of the latter (37* 5/x) 
and perhaps also because the wheat contains 1,2% of oil while the 
gram contains none. Fig. 1 shows the relation of the x^ercentage 
of oil to the power of resistance to high temperature. 


lOOr GS 



percentage of Oil 


Fig. 1. Showizig the relation of percentage of oil in the seed and 
percentage of germination after the seeds have been kept at 60 C, for 12 
hours: The broken line indicates the probable relation. E ^ Eleusme, 
G = Gram, W =A¥beat, 0 = Cucurbiia^ L — Xa(/< 2 naria, Li ~ Linitm, 
Go =? Cotton, B ^ Sescmvtm, Bn napiis^ Bs = Brassica sarsgn. 
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To have a definite idea of tlie part pla^yed by the thickness of the 
testa, experiments were made with and seeds 

both starchy and containing less than 20% of oil. From the table 
it wdllbe seen that Guetirbita had a testa 88‘5/a thick while 
had 619 -o/x. The greater resistance to high temperature resulting 
in greater percentage of germination in the case of Lagenaria could 
be ascribed to its thicker testa. The experiment was repeated with 
the same resnlt. Oily seeds like P. eampestris and Sesamum 
inddeum were next experimented. They had nearly the same per- 
centage of oils, namely 48-2% and 45% respectively. Figures in 
Table 1 show that as the thickness of the testa of Sesamum is 
greater, the viability with reference to high temperature is also 
greater. Fig. 2 show^s the relation of the thickness of the testa to 
the power of resistance to high temperature. 



Tkichness of Testa or Pericarp 


Fig. 2. Showing the relation between the thickness of the testa or 
pericarp and the percentage of germination after the seeds have been kept 
at 00° C. for 12 hours : The broken portion of the curve indicates the prob- 
able course of the curves. E = Eleusine, G = Gram, W = Wheat, C = 
Cucurhita and L = Lagenaria, 


In order to see if thicker testa checks loss of water during 
incubation, loss of water w™ measured after incubation and the 
results are shown in Fig. 3. It is clear that seeds with thicker testa 
lose less water than those with thinner ones. 


NATVBB OF 
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Fig. 3. Showing the relation of the thickness of the testa in p, and 
the percentage of water lost during 12 hours at 60® C: E = Eleusine^ G = 
Gram, W = Wheat, C = Cucutbiia, lj =* Lagenaria, 


The nature of the revserve food also seems to have some relation 
to loss of water. Starchy seeds with the same tliickness of testa 
lose more water than oily seeds. 

The relation of the period of incubation on viabiliiiy and also the 
relation of the percentage of oil and viability were next examined. 
Seeds with different percentages of oil were incubated for the same 
period and also the same oil seeds were incubated for different 
periods. 

It was noted that the figures for are always higher 

than those for linseeds. It was also seen that the germination 
percentages feU off in both the cases as the incubation periods 
became longer. 

Cotton seeds and linseeds were next compared. 

It was found that although cotton contains more oil than the 
linseed, the viability of the latter is greater than that of the former. 
The only explanation that suggests itself is that the thin mucilage 
coating on the linseed enables it to endure the high temperature 
without losing its viability. When the thickness of the testa of 
linseed was measured together with the mucilage coating it was 
found to be 117 • 7/a and the mucilage coating alone was nearly SO/a. 
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In order to establisli tlie relation of the period of incxibation 
and Tiability a series of experiments were performed with two 
varieties of sun flower seeds.— 

They were kept for incubation at 00® 0. and 40® 0. separately 
in 2 incnbators. ■ . 

The percentage of germination are shown in Table 2. 

Table 2 


Showing the Relation between Period of Ineubation 
of Pry Seeds and their Viability 


Description 
of seed 

Tempera- 

ture 

Incubation period in hours 

Control 

1 8 

12 

24 

48 

72 

120 

Sun flower 

60® C. 

60 

60 

30 

12 

4 

0 


(large) 

40" C. 

80 

i 

92 

60 

36 

30 

30 


Sun flower 

60" 0. 

80 i 

48 

50 

24 

0 i 

0 


(small) 

40" 0. 

96 1 

. j 

100 

80 

32 

24 1 

10 



These figures show that viability of seeds decreases after con- 
tinued incubation and is at last lost altogether. 

Another feature is j as is to be expected, that incubation for a 
shorter period at a higher temperature has the same effect as incu- 
bation for a longer period at a lower temperature. 

Summahy 

The effect of temperature on the viability of starchy and oily 
seeds has been studied. The seeds were exposed to 40® C., 45® 0., 
50® C. and 60® C. for periods ranging from 8 hours to 120 hours. It 
has been found that : 

(1) Oily seeds resist the effect of high temperature better 

than starchy ones. • 

(2) Among the oily seeds the greater the oil content, the 
higher the temperature they resist. 

(3) Yiability also depends on the thickness of the testa ; the 

thicker the testa is, the more viable is the seed in relation to 
temperature. This holds good in case of all seeds, both oily and 
starchy ones. Thick testa checks loss of water during incuba- 
tion. ■ ■ 

(4) Mucilage coating on testa affects the percentage of 
germination after incubation aiid 

(5) Continued incubation decreases viability quickly at 

higher temperature and slowly at lower ones;. 
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Inteobuction 

I'F is well known from very early days that roots absorb water and 
nutrients from the soil. But the path of the transport of the solutes 
from the roots to the leaves has been under dispute. According 
to one view, the movement of the nutrients occur»s mainly tlirough 
xyiem along with the transpiration stream. Tlie other view is that 
it occurs mainly through the phloem. Considerable experimental 
work has been done, mainly by ringing cliilerent parts of the shoot, 
to substantiate the one or the other of the two views. Mason and 
Phyllis^ after a thorough review of the x>robiem of trarislocation con- 
clude that ringing experiments have shown that soil solutes ascend 
up the stem in the wood ; but they have not demonstrated that they 
may nofc also ascend in the iihloem. It must be admitted, however, 
that the evidence available at hand renders it unlikely that the}^ 
normally do so. ” 

Even those who accept the view” that translocation is normally 
.effected through the phloem, think that under special conditions, 
the rate of transpiration inhueneos both absorption and transport 
of solutes. Thus they think that if the solutes are in excess in the 
soil, living cells absorb the maximum quantity and after their accu- 
muLation capacity is satisfied, the excess passes into the transpira- 
tion stream. 

It is thus generally assumed that the living cells adjoining the 
path of the transpiration stream can get a supply of the solutes by 
extracting them from the transpiration stream. The observations 
made by Bkambaram and Eao- on the effects ofEormalin, KlsOg 
and NaOl on cut shoots oi Barleria crisiata threw doubts on this 
general assumption. It was therefore decided to study the prob- 
lem of solute movement through the vessel walls in a more detailed 
manner. This paper gives the results of a study on the problem of 
solute movement through the xyiem vessel walls. 

Methobs anb Materials 

Shoots of Tecoma stans were cut under water at about 7 A.M., 
and brought into the laboratory and fresh cuts were made inside 

* CoutributioB from the Presidency College Botany Laboratory, 
" Madras, 
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the laboratory under water. These were then allowed to remain 
with their cut ends in water for another two hours. At about 9 a. m. 
they were transferred to 10 per cent, solutions of different chemicals 
and kept iiiider obseryation. The method adopted was based on 
observations previously madOj that as the solution reached the living 
cells, the solutes tended to accumulate in them., eventually causing 
death of the cells, wiiich was indicated by their discolouration. 
Ordinarily the beginning and the progress of discolouration could 
easily be followed, especially in the leaves. Discolouration appeared 
from about half an hour to two hours depending on the solute. In 
all, six different acids and eighteen salts were used. 

Besults 

According to the region where death of the cells occurred fiist, 
the diff uent chemicals used fall under two main types of killing : 

' 1. The Acetic acid typo and 

2. The Potassium nitrate type. 

The Acetic Acid Type 

As the acid passed up, the stem and the lower petioles became 
discoloured. In the lamina the discolouration spread along the 
main veins and soon followed the reticulate pattern of the lateral 
veins and the veinlets. In about an hour, one could see the reticulate 
arrangement of the discoloured areas in the lamina (PL VII, Pig. 1). 

The Potassium Biteate Type 

In this type the first appearance of discolouration was notin 
the stem or petioles as in Type I described above, but in the ceils of 
the lamina. The first mdication was that the mcsophyll cells in 
between the lateral veins turned da’rker than the rest. Soon small 
groups of cells were seen to get discoloured in different parts of the 
lamina. One noticeable feature at this stage was that there was 
always a vein ending in each discoloured patch. As more solution 
was absorbed, the discolouration became more and more prominent 
and ail the rnesophyll tissue except strips of tissue along the veins 
turned brown. The green .colour of these narrow strips along the 
veins was in striking contrast with the brown rnesophyll tissue 
(PL YII, Fig. 2). 

The different chemicals used and failinsr under the two tvoes 
are given below : — 

A cetic acid type 

1. Acetic acid 

2. Formalin 

3. Picric acid 

4. Sulphuric acid 

5. Pyrogalic acid 

6. Boric acid 

7. Mercuric chloride 


Potassium nitrate type 

1. Potassium nitrate 

2. Calcium nitrate 

3. Sodium phosphate 

4. Potassium pdiosphate 

5. Potassium acid phosphate 

6. Potassium bromide ‘ 

7. Potassium bromate 
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AceiiG aeM type 

8. Sodiuni carbonate 

9. Potassium carbonate 

1 0. Sodium b isulpiiate 

11. Ammonium nitrate 

12. Silver nitrate 


Potassium miraie type 

8. Potawssinm clilorate 

9. Potassium iodide 

10. 'Magnesium siilpliate 

11. Sodium acetate 

12. Sodium nitrate 


The appearance of the shoot as a wlioie after treatment with the 
different chemicals showed certain differences. In the Acetic acid 
type, there was no wilting of the leaves but the younger nodes and 
the bases of the petioles became flaccid and the leaves as a whole 
drooped down. In the second type, the first visible effect was a 
wilting and drooping of the leaflets at the younger parts of the shoots. 
With boric acid, there was a curling of the leaiietvS long before the 
discolouration along the veins appeared. With magnesium sulphate, 
there was neither curling nor wilting of the leaflets at any stage. 


Discussion 


Caroline Eumbold^ has recorded different types of killing of the 
leaf tissues in the chestnut, when the trees were injected with diff- 
erent kinds of chemicals. Her observations are of a general nature 
and they do not throw light on the problem of the permeability of 
vessel walls. 


In the present study the chemicals wore supplied to the shoots 
through the cut end along with the transpiration stream. If, as in 
the Acetic acid type, the walls of the vessels and of the adjoining 
living cells were permeable to the solute, then the solute diffused 
out into the living cells. fThis naturally resulted in the rapid 
accumulation of the solute in the living cells adjoining the vessels 
and finally in their death. In the Potassium nitrate type, the dis- 
colouration and death appeared first in the mesophyll cells situated 
at the ends of the veinlets and not along the veins. It might there- 
fore be concluded that the two types of killing were due to the 
differences in the permeability of tlie xyleni vessel walls to the 
different kinds of solutes experimented -with. Where the vessel wvall 
was permeable to the solute, the ceils adjoining the vessels were 
killed first and where it was not permeable, the ceils at the vein 
endings were the first to suffer : 

Thus the important point that arises out of the present 
study is that the xylem vessel walls are not equally permeable to 
ail the solutes that may be carried along the transi>iration stream 
in a plant. Prom the lists of chemicals given under the two types, 
it is not possible at present to make out whether there is any relation 
between the nature of the chemical and its diffusibility through the 
vessel walls. But it is evident that only certain solutes can pass out 
of or into the vessels. The characteristics of the xylem vessel wall 
has not been realised by the various investigators so far. Before 
one assumes the movement of solutes from the xylem to the living 
cells or from the living cells into the vessels, the permeability of the 
vessel walls to the particular solutes has to be determined. 
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SUISCMAHY 

1. Cut ends of tlie shoots oi Tecoma stans were placed in 10 per 
cent, solutions of twenty -four different chemicals. 

2. x\s the solutions ascended into the shootj tYro type>s of killing 
of the living cells in the stem and leaves were observed. 

(a) The Acetic Acid type in which the cells adjoining the xylem 
vessels in the stem and the cells along the veins in the leaves were 
first killed, and 

(h) The Fotassium Nitrate type, in which the cells in the stem 
along the vessels were not killed first, but the killing started in the 
groups of mesophyll cells at the vein endings. 

3. It is therefore inferred that the wall of the xylem. vessel is 
not equally permeable to all the different solutes present in the 
transpiration stream, as is generally assumed. 

LITERATUBE CITED 

1. Ehambaram, T., and “ Studies in Absorption and Transpiration — 

Eao, I. M. (1933) Part I,’’ Jour. hid. Bot. Soc., 12, No. 3, 

203-324. 

2 . (1935) . . “ Studies in Absorption and Transpiration — 

Part II/’ 14, No. 3, 183-236. 

3. Mason, T. G., and “ The Migration of Solutes,” Bot. Bev.. S, 

Phyllis, E. (1937) .. 47-71. 

4. Ruiabold, C. (1920) . . “ The Injection of Chemicals into Chestnut 

Trees,” Amer. Jour. Bot., 7, 1-19. 


Isn-iO.—Printed at The Bangalore Press, Bangalore City, by G. Srinivasa Rao, Superintendent, 






NOTE TO CONTRIBUTORS 


Only papers written or commnnicaicd hij I^Ieinbers oi llie Indian 
Botanical Society are pnblisbed in the Jonraiai. 

Attention to the following points will greatly assist tlie Editor and 
ensure early and satisfactory publication : — 

Manuscripts must be typed with double spacing and on one side of 
the x>aper only* Anthors are particularly requested to revise their manu- 
s-iripbs carefully before submitting them to the Editor. This will reduce 
the corrections in the proof. 

In view of the high cost of publication, contributions should be 
as concise as possible and all unnecessary tables and illustrations 
should be avoided. If the contributions are very long, the authors 
may be required to contribute a portion of the cost of publication. 

Names of genera and species should be underlined and wdll ai:)pear in 
italics. The names of the authors of genera and species should always be 
given. . . 

Original papers must conclude with a summary, drawing attention 
to the main facts and conclusions. References to literature cited 
should, as far as possible, be complete and must be carefully verified. 
A bibliography* should be given at the end of the paper arranged 
alphabetically under authors’ names. 

References to literature in the text should be made by quoting 
the author’s name and the year of publication adding the page where 
possible, thus (A. B. 1934, p. 25). When the author’s name occurs as 
a part of the text, only .the year and page need be given. No 
references should be given as footnotes. 

Illustratiojis in line . — These should be drawn boldb/vin Indinn ink 
on Bristol board or smooth wdiite card. All necessary shading must be 
done in well-defined dots or lines. Colour, either in line or wash, should 
be avoided. It is important that such illustrations be drawn at least twice 
as large (in linear dimensions) as they are to api>ear in tlie reproduction. 
Due allowance for reduction must be made in size of lettering, tliickness of 
line, and closeness of shading. Where possible the figures should be grouped 
so as either to fit the page after reduction, or to come on part of the printed 
page as text-figures. Authors should number the text-figures consecutively 
and indicate in the text places where they are to appear. 



Wash Braimig , — For making half-tone blocks the original drawings 
should be done with bruslij and not with pen and ink. For these either 
black or grey colour may be used. Black is better than grey. 

IViolograpJis for hlook-maJclng , — Fvery photographic print from which 
blocks are required should be black and white on glossy surfaced paper — if 
possible extra glazed. The prints must be sufficiently washed at the time 
of making them, since insufficiently washel prints become yellowish in 
colour and fade soon afterwards. Though every photograi)h will reproduce 
as a half-tone block, best results are obtained only from black and white 
Xnlnts on glossy paper. Photographic prints on matty paper, sepia-toned 
lerints or faded prints will not give clear results in block-making. The 
numbering or lettering inside the photographs should be done in i)eii only 
either with undiluted Indian ink on white surface or with Chinese white on 
black surface. In case the photographs are to be reduced for reproduction 
the numbers or letters should be drawn large enough to allow for the 
necessary reduction. Combination of photographs and pen drawings in 
one plate should be avoided. 

Allowance of space should be .made for legends below the illustrations. 

G-raphs should be drawn in Indian ink on co-ordinate paper ruled with 
blue lines. Any co-ordinate which is desired to appear in the reproduction 
should be drawn over with Indian ink. 

Drawings or photographs grouped for half-tone production should be 
trimmed and fitted together perfectly so that they cornpletely fill the 
board on which they are mounted. The cut edges always show in the 
half-tone reproduction while they do not appear in zinc-etchings. 

Authors should correct the galley proofs and should make only the 
necessary changes. Extensive changes mean delay and extra cost wliich 
latter is chargeable to the authors. 

Each author will receive gratis 50 copies of the printed paper. Extra 
copies will be supplied at Printer’s cost price ; the number of extra copies 
required must be stated on the corrected proof. 

Reviews or abstracts of books or of papers in other Journals should 
begin with the author’s name and initials, followed by the title of the book 
or paper, the name, volume, number and exact pages of the serial where 
the paper was published, the publisher’s name, the place and date of 
publication and preferably, in the case of books, the price. 

All matter intended for publication in the Journal should be sent to 
the Chief Editor, P. Parija, M.A. (Cantab.), Professor of P>otany, Ravmnshaw 
College, CUauUagunj P.O , Cuttack. 



The Journal of the Indian Botanical Society 

(Formerly "The Journal of Indian Botany ”) 


VOL. XIX] DECEMBER, 1940 [Nos. 5&6 


THE ROOT-STRUCTURE OF CHLOROPHYTUM 
TUBEROSUM BAKER 

By D. P. Mtjllan 
St.' Xavier’s College, Bomhay 

Received lor publication on Septenibor 21, 1910 

OUorophytum tuberosum Baker (Phalanghm iuhcrosxm Kuiith.), 
a member of the Liliaeese, is foimd growing on gravelly or sandy 
soil, or on open forest lands. The plant is a herb with a small root- 
stock bearing a number of short, fascicled roots which are confined 
to the comparatively drj’^ surface layers of the soil. The root-fibres 
are fleshy. The majority of roots swell locally, at the distal end, 
and form ellipsoidal tubers (Pig. 1). At the break of the monsoon 
the plant puts forth a cluster of broadly -linear, radical leaves with 
undulating margins. Bunches of pure white flowers are borne on 
a naked scape during the rainy season — about the month of iiugust 
in the Bombay Presidency. 

During the dry season the plant dies down to the level of the 
soil. The aerial parts disappear but the root-stock and the tuberous 
roots remain underground. At the expense of the reserve material 
of some of the tuberous roots, the plant produces new' leaves and 
flow'ers in the beginning of the next rainy season. Thus the roots 
of G. tuberosum are not annual organs, as is the case with other 
monocotyledons, but act as perennating organs, enabling the plant 
to tide over the dry season. The anatomy of the root is described 
in this paper. 

The roots consist of twn parts : the cylindrical jn’oximal part 
and the distal tuberous part. A peculiarity of the roots is that the 
root-hairs are not confined to a definite area, as is the case in many 
roots, but are found all over the root, covering both the slender as 
well as the tuberous parts. Haberlandt (1914, p. 219) is of opinion 
that plants living in a low degree of humidity are characterized by 
the constant presence of persistent Toot-liairs, Baines (1925, p. 229) 
believes that the presence of persistent root-hairs is correlated with 
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the: absence of secondary growtli and tJie lack of 

peiiderm formation’’. 

The slender proximal part of tbe root is covered by a. multiple 
piliferous layer consisting of four laj^ers of cellsf tlie oiitermost 
bearing tlie root-bairs; The cells of the two inner layers are 
radially stretched, while the outer cells become iiTegular due to 
lateral pressure (Fig. 2). The cells are devoid of contents and are in 
uninterrupted contact with one another. From its fuller 
development in the region of the tuberous part, the multiple pili- 
ferous layer may he regarded as of the nature of the yelamen tissue 
found.in the aerial roots of many epiphytic Orchids and some epi- 
phytic Aroids. The velamen tissue in the proximal part of the root 
differs from that of the epiphytic Orchids by mostly lacking in the 
characteristic reticulate thickening fibres of the cell walls. The 
multiple piliferous layer is separated from the cortex by a w^ell 
developed exodermis. The latter is composed of a single layer of 
prominent cells with narrow lumina and strongly thickened, ligni- 
fled walls (Fig. 2). In a cross-section the cells appear more or less 
squarish in outline, while in surface view, in tangential longi- 
tudinal section, they are seen to be vertically elongated and the 
side walls are folded in a sinuous manner (Fig. 3). In the proximal 
part of the root the exodermis is composed of uniform sclerosed cells, 
there being no passage-cells. The cortex is composed of about 
twenty layers of clear, rounded, thin- walled cells. The inner cortex 
is characterized by the development of radially placed lacunae. The 
endodermis is thin-walled throughout. The outermost 3~4 layers of 
the cortex, i,e., the layers immediately under the exodermis, consist of 
cells with thin but lignified walls, while the rest of the cortical cells 
have walls of cellulose. A single layer of cells separates the proto- 
xylem groups from the endodermis and constitutes the pericycle. The 
stele is 11- to 14-arch. The conjunctive tissue around the vascular 
bundles shows the presence of sclerosed fibres. The pith consists 
of thin-walled cells. 

A comparison of the cross-section of the slender proximal part 
with that of the tuberous part of the root shows various modifica- 
tions. The tubers are seen to owe their swelling mainly to the 
expansion of the cortical parenchyma, the cells of which elongate 
in a radial direction (Fig. 7), forming a massive aqueous tissue. 
The cortical cells are clear and show the i)resence of prominent 
nuclei. Due to the expansion of the cells", the cortical lacunae 
around the stele are mostly obliterated. The cortex is traversed 
by crystal-sacs, holding bundles of raphides. The’ outermost 3-4 
layers of the cortex are tangentially comxuessed and show thin, 
lignified walls as in the proximal part of the root. In a few tubers 
the inner cortex is seen to be strengthened by stone-cells, occurring 
singly or in groups. This is not, however, a constant feature of 
most tubers. In the tuherous part of the root, the exodermis is 
more fully developed, being composed of large cells with wide 
lumina. Towards the base of the tuber, Le,j where the latter joins 
the slender proximal part of the root, the walls of the exodermis are 
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strongly thickened (Fig. 4) while in the major part of the tuber the 
cell- walls are thin (Fig. :5) as compared with those of the proximal 
part of the root. In surface wdewj i.e., in taiigeritial longitudinal 
section, the cells of the exodermis do not appear to he vertically 
elongated though the lateral wulls are siiuious as in the proximal 
part of the root (Fig. 6). A characteristic feature of the exodermis 
of the tuberous part is the presence of passage-cells. The latter 
occur in vertical series, heing interspersed among the larger 
exodernial cells (Fig. 6). The passage-cells show prominent nuclei 
and have thin inner and side walls (Figs. 4, 5). Figs. 2 and 5, or 
Figs. 3 and 6, magnified equally, indicate the contrast in size and 
structure of the exodermis in the proximal and tuberous parts of the 
same root. The multiple piliferous layer outside the exodermis is 
also more fully developed in the tuberous part of the root and consists 
of four layers of empty, tangentially-stretched ceils in uninterrupted 
contact, the outermost bearing the root-hairs. Especially towards 
the apical region of the tuber, the multiple piliferous layer is more 



Figs. I'-i and 6 . Chlorophytum iuberosum Baker.— Big. 1. The plant 
growing in sandy soil. Fig. 2. T. proximal part of the root, r, root-hair ; 
V, multiple piliferous layer ; Ic, exodermis ; c, cortex ( X 240). Fig, 3. 
Tangential L. S. proximal part of the root, showing the exodermis in surface 
view (X 82). Fig. 4, T. S. through basal part of tuber, r, root-hair; 
V, velamen; x, exodermis ; p, passage-cell; c, cortex (x 240). Fig. 6. 
Tangential L. S. tuber, shomng exodermis in surface view, p, passage- 
cells (X 82). 
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typically developed in tliat the cell- walls exhibit the characteristic 
fiellcate retienlate thicheBing peciiliar to the vela men tissue of the 
epiphytic Orchids fPig. 5). In the tuberous part, the stele also 
expands a little. A comparison of Figs. 5 and 6, magnified equally, 
brings out the contrast in size of the cortex and the stele of the 
slender proxiinar part and of the dilated tuberous part of the same 
root. The increase in the size of the stele is brought about 
mainly by the expansion of the thin-wailed cells of the pith. The 
stele is 12- to 15-arcli, one or two extra protoxylem groups appear- 
ing at times in the dilated part of the root. The sclerosed fibres of 
the conjunctive tissue of the proximal part are absent in the tuber. 
Lateral roots develop towards tlie apex of the tuber at the beginning 
of the rains. Such roots have their origin in the pericycle. 



Figs. 5 and 7-9. Chloropliytum tuherosum Baker. — Fig. 5. T. S. tuber, 
r, root-hair ; r, velamen ; exodermis ; p, passage-cell ; c, cortex ( x 240). 
Fig. 7. T. S. tuber, e, endodermis ; c, cortex; .r, exodermis (x 82). 
Fig. 8. T. S. proximal 'part of the root, showing the relation of stele {s) 
to cortex (c). a?, exodermis (x 13). Fig. 9. T. S.‘ tuberous part nf the 
root, showing the relation of stele (^f) to cortex (c). x, exodermis ( X 13). 

Tile proximal part of the root is adapted mainly for the function 
of anchorage as is seen from the greater degree of sclerosis in the 
more strongly thickened and lignified exodermis and conjunctive 
tissue. The major portion of the tuberous part of the root is 
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constriKvted for storage aiKl is adapted absorption and eon- 

ductiou of water as is evidenced by a typically developcMl velamen, 
by the presence of passage-cells, and l>y the less thickened and 
large-celled exodeiinis. latter is easily pierced by tlie newly- 
developed roots near the apex of the tiiber. 

: A: remarkaMe, feature: of the root-structure of €, tuberosum is 
the presence of velamen in its terrestrial roots. S^ddniper ( 1003 ), 
Goebel (1905), Haberlandt (1914) and otliei’S have described tlie 
velamen tissue as a special apparatus for the abso3']ui(m of -wot^r 
from the air by the aerial roots of tro])ical cpipliytle Givliids raid of 
certain epiphytic Aroids. The occurrence of a similar velamen 
tissue in the subteiTanean roots is shown by Holm (1904, pp. 203, 
204), in the cases of Horth American terrestrial Orchids like 
Tipidaria discolor Hiitt. and Bletia verecunda Sw. Moss (1923) has 
also given an account of the imesence of velaininous roots in the 
terrestrial Orchids, especially noticeable in tlie Orchid genus 
FuIopJiia^ abundant at the Cape’k Among plants other than the 
terrestrial Orchids, Arber (1925) has shown the occiiiTence of velamen 
in the terrestrial roots of Crinim FowelUi Hort., Asparagus Spren- 
geri Eeg., Aspidistra elatior Blume and Semele androgyna (L). 
Kunth. That the multiple piliferous layer of the teirestriai roots of 
C, tuberosum is of the nature of a velamen tissue is seeii not only ‘ 
from its structure but also from its ability to absorb water quickly. 
If the tuberous roots are dried and immersed in a coloured solution, 
it is seen that the coloured liquid penetrates rapidly the velamen 
tissue and is later absorbed by the passage-cells of tlie exodermis. 

' V ' :.: SUMMAEY 


The anatomy of the tuberous roots of Ohlorophytum tuberosum 
Baker is described. 

The terrestrial roots of the plant show tlie presence of a velamen 
and an exodermis similar to those of the aerial roots of some 
epiphytic Orchids and Aroids. 

REFEBENCES 


Arber, A. (1925) 

Eamcs, A. J., a.?id Mac- 
Bamek, L. H. (1925) 
Goeheh K. (1905) 

Haberlandt, G. {1914} 

Holm, Theo. (1904) 

Moss, C. E. (1023) 

Scliimper, A. F. W. (1003) 


Momcoiyledons, a Morphologkal Study, 
Univ. Press, Cainb., 10. 

An Intmduetkm to Plant Anaioniy, ^fcGrav/ 
HhL 220. 

OrganodTaphy of Funds, Ed., 2, 281, 

Oxford. 

Physiological, Plant Anatomy, Eng. Ed., 216, 
231, Lond, 

“ The root-structure of North American 
terrestrial Orchidea.s” Amer, Jour, Sc,, 
Ser. 4, 18, 197-212. 

“ On tlie presence of velaininous roots of 
terrestrial Orchids,” Proc, Linn, Soc., 
135th Session, 47. 

Plant Geography 'upon a Physhloyical 
Basis, Eng. Ed., 320, Oxford, ^ 




CLADOSPONGIA, A FMWCEASFM!I)03I0jS'AI)ACmJB 241 


CLADOSPONGIA, A NEW MEMBER OF THE 
CRASPEDOMONADACEAE FROM MADRAS'** 
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In some water collected from a small pobl near the Coonm estuary 
at Madras and kept in the laboratory for a few days, some small 
tnfted, whitish growths were found attached to the sides and bottom 
of the glass vessels. These whitish ontgrowtlus on examination 
proved to be a colonial colomless flagella te evidently belonging to 
the family Craspedomonadaceae (PL VTII, Fig. !)• The colony is 
cylindrical and branched and the branches beconie gTadiialiy nar- 
rowed towards the apex (PL Vlli, Figs. l, 2). The wdiole colony is 
attached at the bottom by means of a colourless gelatinous 
substance (PL VIII j Fig. 1). 

The colony consists of a large number of unieelMar colourless 
cells each provided at the anterior end with a hyaline, collar-like 
outgrowth of the protoplast and a single long flagellum arising from 
its apex (Text-figs. 1, 2, 6, 7 ; PL VIII, Fig. 5). The indmdual 
cells are arranged close to one another around the periphery of the 
cylindrical branches, with their ciliary ends pointing outwards 
(PL VIII, Figs. 2, 5). The central core of these branches consists 
of a colourless mucilaginous substance. A careful examlBatiou of the 
j)8ripheral region of these branches showvS that these organisms 
are not lying merely embedded in the general mucilaginous ground 
substamee, but are united with one another by means of delicate 
protoplasmic connections not quite unlike those seen in several 
species of Volvox (PI. VIII, Figs. 3, 5, 6 ; Text-figs, 1-4, 6). These 
protoplasmic connections are seen both in the living material and 
also in material properly killed and stained (Text-figs. 1~4, 6). 
These connections arise, not from the sides of the cells as in Voltox^ 
but are seen starting a little toAvards the posterior end of the cells 
(PL VITI, Figs. 3, 5, 6 ; Text-figs. 1-4, 6). As many as 4-7 such 
protoplasmic connections arise from each cell (PI. VIII, Figs. 5, 6 ; 
Text-figs. 1-4, 6). A tiny knot could be distinguished in the middle of 
these connecting strands somewhat similar to what is seen in the 
intercellular connections of Yolvox. In material stained with a dilute 
solution of methylene blue, gentian violet or Loeffler’s blue, tliere is 
seen in addition to these protoplasmic connections a number of poly- 
gonal mucilaginous envelopes round each protoplast similar to wdiat 


^ From the IT Diversity Botany Laboratory, Madras. 
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one sees in Yohox (Iyengar, 1933 ; Pocock, 1933) wlien it is simi- 
larly stained (PL VIII, Pig. 4 ; Text-figs. 4-5). These envelopes are 
really the cell membranes wMcli are mucilaginons and vliicb tliroiigli 
mntnal pressure appear polygonal. The delicate protoplasmic 
strands connecting the adjoining cells pass through the thick muci- 
laginous vails (Text-fig. 4) and the strand appears slightly thickened 
at the- place of meeting of the mucilaginous walls of the two neigh- 
bouring ceils. 



Text-figs. 1-10. Cladospongia elegans gen. et sp. nov. — ^Fig. 1 . Por- 
tion of a .colony, showing the individual ceils and tlioir intercellular 
protoplasmic connections. Fig. 2. A few cells showing the protoplasmic 
connections in side view : note the vacuoles. Fig. 3. Cells shoving 
intercellular protoplasmic connections from the posterior portion of the 
cells (taken at a lower focus). Fig. 4. Portion of the colony after treat- 
ment with iodine and staining with gentian violet, showing the intercellular 
protoplasmic connections and the thick mucilaginous ceil walls. Fig. 5. 
Portion of the colony after staining with metliylene blue, showing 'the 
mucilaginous cell partitions : some of the protoplasts have already divided 
into two. Fig, 0. A few ceils of the colony after staining with gentian 
violet, showing the collar, the intercellular protoplasmic connections and 
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Tlie individual cells of tlie colony are rcmnded in vertical view 
and rounded to ellipsoid in side view and are 0 '6-8*4 /x bioad and 
8*4-10*1 /X long. The collar is nearly as long as llio length of the 
body (6*6--8*4/x)j while its diameter at tlie anterior end is about 
8*4 a. The ciliiim is long and measures nearly 3-4 times the longiii 
of the body. Each cell has a single nucleus at'its anteiior end (Text - 
tig. 6) and two vacuoles towards its posterior end (Text-ligs, 1-2). 
Of these two vacuoles one is larger than the other and does not 
appear to be contractile (Text-tig. 2jp.tv). Tlie other is smaller 
and is founrl" close to the bigger one and is actively contractile 
(Text-tig. 2, c.i\). Every time the smaller vacuole eoniracts, there 
appears to be a slight increase in the sixe of the larger permanent 
vacuole. It looks as though the contents of the smaller vacuole 
gets discharged into the larger one. Biltsclili (1883-87, p. 889) in his 
account of the Choanofiageilata states that only one of the vacuoles 
is contractile, while the other is not and serves as a so-called 
Schling- vacuole Our observations in the present form agree 

quite well with those of BittscMi, 

The fully developed colony measures about 2-4 mm, long and 
about 0*2-0 *3 ’mm. at its broadest portion. The branches arise 
from, any portion of the colony and are really lateral to begin with. 
But they soon grow rapidly and become directed forward and give 
a false dichotomous appearance (PI. VIII, Figs. 1, 2). In the living 
material, the branches of the colony show a slight swaying move- 
ment, evidently due to the combined action of the cilia of the 
individual cells. This movement is especially well seen in some of 
the terminal branches of the colony. 

Multiplication takes place by the division of the individual 
cells into two. The plane of division is evidently longitudina], since 
the two daughter protoplasts are seen lying side by side, inside 
a common mucilaginous cell membrane (PI. VIII, Fig. 4 ; Text-fig. 5). 
Oeeasioually the colony gets dissociated into individual ceils, which 
are then seen swimming about freely in tlie w'ater. I^iese indi- 
viduals after sometime come to rest on various objects in the water. 
They often came to rest on the individual ceils of a species of Cyclo- 
teZk which were common in the water. Often as many as seven to 
eight individuals \vere found attached to a single individual Gyelo- 
tella cell (Text-fig. 8). At first these individual ceils wxre attached 
to the substratum by means of their posterior end, -when they looked 
very much like individuals of Momsiga. But they soon developed 
short stalks from their posterior end which gradually became longer, 
until finally they were nearly 3-4 times as long as the body (Text- 
figs. 8, 9). In a few cases, the stalks bore two or tliree cells at their 
tips evidently through the division of the original cell. At this stage 


the nucleus. Fig. 7. A few cells of the colony after staining with gentian 
violet, showing the somew^hat crenate margin of the collar, -when seen from 
above. Fig. S. Some of the individual cells of the colony settled dow'n 
on a cell of Cycloiella. Pigs. 9 and 10. Individual cells showing formation 
of stalked colonies after settling down. c,v., contractile ^^acuole ; p.r., 
permanent vacuole ; n., nucleus. Figs. 5 and 8 ( X 485); rest ( x 715). 
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they sliowed a certain amount of resemblance to Codonosiga (Text- 
fig. 10). The further fate of these stalked individuals could not 
be folio wedj since the- organism began to deteriorate and disappear at 
:thiS' stage., ■ . 

Discussion 

The present form in the structure of its individual cells with 
the protoplast, collar and single cilium clearly shows that it belongs 
to the family Craspedomonadaceae among the colourless fiagellata. 
The individual cells of the colony are somewhat similar to those of 
Monmiga or Godonosiga^ but in the general structure and appearance 
of the colony, it is quite unlike any member of the Craspedomonad- 
aceae so far known. In the general organisation of the colony, it has 
reached a very high level, far higher than that reached by any other 
member of the Protomastigiiiae. Lemmermann (1914) has given a 
brief summary of the several stages of advance in colonial organisa- 
tion seen within the group, Protomastiginae (Lemmermann, 1914, 
p. 55). He has traced the advance from colonies of two cells or 
more, to large colonies consisting of numerous cells variouslj^ dis- 
posed. Taking even the most highly developed among them, 
Desmarella, SpJiaeroeea, Protospongia, PJialansierium, Bhipidodendron, 
etc., each one of which has attained a complex development in its own 
way, one does not find in any of them any intercellular protoplasmic 
connections as are seen in the present form. None of them has 
reached the high state of organisation as seen in the present 
organism. The presenl} form resembles in its complexity of struc- 
ture the green alga in several respects. Just as Volvox may be 
considered to be the highest development in colonial organisation 
among the Yolvocales, this form may be considered to be the highest 
expression of colonial organisation so far known among the Proto- 
mastigiriae. The form may therefore be described as a new genus 
by name Gladospongia and placed in the family Craspedomonadaceae 
close to Protospongia and Spliaeroeea, 

Description 
Gladospongia gen, JXOY. 

Colony cylindrical, branched once or more ; branches more 
or less dichotomous ; branches broader towards the base and 
narrowed towards the tip 5 the apex of the branches broadly rounded 
to obtusely conical ; colony attached to the substratum by mucilage ; 
cells embedded in a general mucilaginous matrix and arranged 
alround the periphery of the C3dindrical colony, enclosing a central 
mucilaginous core ; each ceil possessing a single transparent collar 
at the anterior end and a flagellum arising from its apex ; cells of 
the colony connected with one another by delicate protopalsmic 
strands. Eeproduction not known. 

Gladospongia elegans sp. nov. 

General characters same as those of the genus ; colony 2-4 mm. 
long ; branches of the colony 210-280 p broad at the base and 42-70 p 
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near the tip ; cells of the colony rounder! to ellipsoid in side 
vie’w ; cells 6 • 6-8-4 p broad and 8-4-10-1 p lout; : plasmatic collar 
nearly as long as the body ; cilia 3-4 times the lotigtli of the cdl ; 
protoplasinie connections 4-7 in number and starting from near 
the posterior end of each cell ; reproduction not khorvn. 

Growing in clusters on the sides and bottom of a glass 
culture vessel containing some pond water, Madras. 
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EXPLANATION OF PLATE Till 
Cladospoyigia elegans gen. et sp. nov. 

Fig. 1. Pliotomicro graph of a living colony showing the dichotomous 
branches. X 11, 

Fig, 2. Photomicrograph of a few branches of the colony somewhat 
enlarged, showing the general disposition of tlie individual cells 
(Living material), x 150. 

Fig. 3- A tew cells at the periphery of the colony, showing the protoplasmic 
connections starting from the lower side of the ceils, X 500. 
Fig. 4. Portion of the colony showing the mucilaginous cell avails after 
staining with methylene blue. The protoplast has dhided into 
t-wo in some of the cells, x 500. 

Fig. 5. Marginal portion of a living colony showing the individual cells, 
with the collar, cilia and the protoplasmic connections from 
their posterior portions. X 735. 

Fig. 6. Portion of the colony showing protoplasmic connections between 
the cells. X 800. 
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ZYGOGONIUM KUMAOENSIS, A NEW SPECIES 
OF ZYGOGONIUM FROM KUMAON 

Bt M. S. Eandhawa 

Beceived for publication on September 1, 1940 

Thib alga was found growing at the sides of rocks on red clay in the 
form of a whitish felt-like covering near Tillage Jaiiakhali, Almora, 
Kumaon hills, at an altitude of about 0,500 feet above sea-level on 
20th September 1939. 

In some plants the thallns is composed of a creeping |.)rostrate 
portion and a more or less erect projecting portion' (Fig. 1). The 
function of the prostrate system is that of lixation and support, 
and its cells give out rhizoids of different shapes. In some plants 
however there is no such differentiation into prostrate and projecting 
portions. In shallow soil the rhizoids are more or less knob-like 
(Figs. 3 and 5) and deeper down they are fairly long (Fig. 4). In 
rare cases rhizoids may even be two-celled. 

Chloroplasts, — The vegetative cells are 10-14 fx broad and 2-10 
times as long. The product of assimilation consists of both oil and 
starch, oil preponderates and stains slightly black with osmic aeicly 
while reaction with iodine is very slight. The chloroplasts are 
proportionately so small that they are visible only under very high 
magnifications and that also when the filaments are stained with 
an aqueous solution of !N*ile Blue. In most of the cells the chloro- 
plasts are disorganised and only protoplasmic residue in tbe form of 
irregular plate-like bodies is found (Fig. 1). When first examined 
the alga appeared very enigmatic ai^pearing more like a Movgeotia 
than a species of Zygogonium. The chloroplasts are small rounded 
bodies which may be close together or wide apart each bearing a 
small pyrenoid (Fig. 2). These rounded chloroplasts are easily 
disintiguishable from stellate chloroplasts of species of Zygnema. 
Unlike other species of Zygogonium ccll-sap is not purple in this alga. 

Reproduction 

This Himalayan alga is an aplanospoiic form in wdiieh no conju- 
gation lateral or scalariform has been observed. Only in one 
instance an abortive conjugation canal w’^as observed (Fig. 8). 

Aplanospores, — This alga reproduces mainly ?>y means of 
aplanospores, which are ovoid bodies, 12-17 /x broad and 15-24. p. 
long. Aplanospores are usually formed at the ends of cells as in 
Zygogonium capense (Hodgetts) nov. comb. Transeau- (Fig. 7), and 
sometimes they may also be found centrally (Fig, 4) as in Zygogonium 
liansgirgi (Schmidle) nov. comb. Transeau.^ Occasionally they are 
found terminally also (Figs. 1 and 8). They are usually produced 
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subaerialiy, but in many mstances they are produced midergrouiid 
at tlie tips of rhizoids (Fig. 4), In such cases a niigration of proto- 
plasm takes place from the suhaerial cell into rliiozoids, and the 
protoplasmic matter accumulates at the lower end (Fig. 5) , where it 
eyentually rounds off, secretes a thick-cell- wall and develops into 
an aplanospore. Heavy deposit of cytoplasmic residue is seen in 
the cells surounding the aplanospores on one side. Eipe aplano- 
spores were not seen hence it is not possible to describe the sculp- 
turing of the spore-wall. 



rliizoids (r). Fig. 6. An early stage in the formation of aplanospores. 
Fig. 7. A chain of aplanospores (a) in a Ulament. Fig. 8. An abortive 
conjugation canal. Figs. 9 and 10. Aplanospores (a) in various positions 
Fig. 11. Azygospores (az). All ( X 980). 

Occasionally aplanospores may be seen apposed to one side of 
a cell which shows geniculation (Fig. 10). In some cases these 
aplanospores may be seen in swellings on the side touching the soil 
(Fig. 9). These resemble the azygospores described by Iyengar^ in 
Zygogonium talguppense. One may as well consider these swellings 
as abbreviated xhizoids, though some would regard these as abortive 
conjugation processes, vestiges of an abandoned lateral mode of 
conjugation. Very rarely they may be found lodged in these 
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sweliiiigs in pairs CTit of by a very tMn \YaIl from tlie oilier part of 
tbe ceil as in (Fig. 2). Bodies found in this 

position are more appropriaM described as azygospoieSj if 
regard the swellings as abortive conjngation processes, 

AfEnities 

Its peculiar cliloroplasts and presence of cytoplasroie residue 
in cells, indicate tliat this is a species of ZygogGnmm. It differs from 
Z , talguppem^e Iyengar in its aplanosporic mode of reproduction and 
smaller size of its cells. The other related form is Z. capense 
(Hcdgetts) nov, comb. Traiiseau from which it difers in its narrower 
and longer cells and varied position of its aplano>spores- Hence it is 
desirable to describe this alga from Kumaon Himalayas as a new' 
species which is described below. 

Zygogonmm himaoensis sp. nov. 

Celluiis vegetativis 10-14 /i, latis, 20-140 /x longis conjiigatioiie 
incognitum. Generatiombus per aplanosporis, globosis vel sub- 
globosis, 12-16 fx latis, 15-24 /x ioiigis. 

Habitat. —On rocks of red clay, Jariakbali, xVlmora, Humaon 
Himalayas, India, September 1939. 
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STRUCTURE AND DEVELOPMENT OF SEED 
IN SOPUBIA TRIFIDA HAM. 

. By C. V. Krishka Iyengar, M.Sc. 

Department of Botany, University of Mysore, Mysore 

Rccaivtd for publication on September 4, 1940 

The author has already studied the embryo-sac and endcsperm 
haustoria of several members of Scroplmlaiineie (Krishna Iyengar, 
1937 ; 1939 a, b ; 1940 a, d x& e), and during the course of these 
investigations an attempt has been made to classify these plants 
into various types (Author, 1910 according to the character of 
the haustoria. 

The first paper of the series (Autlior, 1937) gives a detailed, 
description of Bofnihia delpMnifolia and the present species happens 
to be the second parasitic member of the family studied by me. 
Many other parasitic members of the family have been studied and 
described by various investigators. These are AledorclopMs, Euphra- 
sia, Melampymm, FedicMaris (Balicka-Iwanowska, 1899 ; Behmid, 
1906), Siriga (Mitchell, 1915), Tozzia (Behmid, 1906) and others. 
Buell works give an opportunity for studying several problems like 
the influence of parasitism on embryo-sac development, tapetal 
structure and endosperm-haustoria, and the influence of similarity 
of habitat on the embryogeny of closely related plants. 

Material ATsm Methods 

The material for investigation was collected from the hills 
round about Agiimbe in the Western Ghats and fixed in Bouin’s 
fluid. The sections were cut 8 microns thick for embryo-sacs and 
10 microns for endosperm development. All the sections were 
stained in Heidenhain^s iron-alum hgematoxyliii. 

Organogeny of the Flower 


Figs, la, h, c and d show the sequence in the development 
of the floral parts which is as follows : sepals, stamens, petals and 
carpels. 



Figs. 1 a, h, c, and d. Stages in the development of floral parts, 
la X185 15 X260 Ic Xl30 Id Xl30 

2 F 
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Ovary A'^d Ovule 

The ovary consists of a massive placenta Aviili indefinite number 
of ovules arranged on. it. The ovules consist of a reduced nucelhis 
and a single tliick integument. The placental cells are filled Vvith 
starch grains ; and rich xuotoplasmic contents characterise the 
cells of the integument. It was also noticed that there is a greater 
accumulation of starch in the placenta during post-fertilization 
stages than before. 

Embbyo-sac 

The nucellus is composed of a large hypodermal cell surrounded 
by a layer of epidermal cells (Eigs. 3 and 4). Even before the 
organization of the nucellus the polleu mother- ceils have undergone 
the meiotic divisions. Fig. 2 represents the dialdnesis stage in. one 
of these cells. "Nine bivalents were counted in this species although 
the n number for /S. delpMnifoUa (Author, 1937) happens to he IB, 

The hypodermal archesporial cell directly functions as the 
megaspore mother-cell. The formation of more than one archespor- 
iai cell noticed occasionally in the other parasitic genera was 
never met with in the two species of Sopubia studied by me. 
While the pollen tetrads are being formed, the archesporial cell 
enlarges and. the integument makes its appearance (Fig. 3). With 
the subsequent development of the integument and the xiucellus, 
the ovules assume an anatropous form (Eig. 4). A linear tetrad 
of megaspores (Fig. 5) develops from the megaspore mother-cell 
by two divisions taking place in quick succession. A normal 
eight-nucleate emhryo-sac (Fig. 7) develops later on from the 
enlarging fertile megaspore towards the chalaza, w^hile the other 
three degenerate and disorganize (Fig. 6). Just as in the other 
members the emhryo-sac shows a dilated microp^dar part, and a 
narrow chalazal part with the three small antipodals, the polar 
nuclei being present in the middle of the sac. In the mature 
emhryo-sac the protoplasm remains dense only in the neighbourhood 
of the egg-apparatus, polar nuclei and the antipodals. The egg-cell 
elongates and comes to lie very close to the two polar nuclei which 
fuse just before fertilization (Fig. 7). 

From the two-nucleate stage of the emhryo-sac onwards 
(Fig. 6), the nucellar epidermis begins to lose its contents and be- 
comes almost flattened and crushed. At the micropylar end of 
the sac some of the cells of the nucellar Jacket develop reticulate 
thickenings by the deposition of cellulose as shown in Fig. 8, The 
jwesence of these thickenings during the earlier stages and their 
absence during later stages is an interesting feature of this species. 

Integument and Tapetum 

The innermost layer of the integument develops into the 
tapetum. This is differentiated very early during the development 
of the ovale, and surroundKS the entire nucellus. In the mature 
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embryo-sac only the non-dilated chalazal part of the sac is shcalltcd 

by tlie tapetiim. 

Embryo and Endosperm Haustoria 

Some stages in tbe cleYelopment of tlio embryo have been 
studied by me and these are similar to those met vitl) in other 
members of the family. The suspensor deve]o])S into a long tnbnlar 
structure pushing the primary embryonal cell between the tiers of 
endosperm cells, and the latter begins to develop into an embryo 
only after the organization of a rich endosperm tissues 

The first division of the primary endosperm luicieus is followed 
by a transverse wall which divides the embryo-sac into a elnilazal 
and an outer chamber (Fig. 9), the latter dividing again transversely 
resnltiiicr in a row of three cells (Fig. 10). The third division is 
longitudinal and takes place nearly simultaneously in all the cells 
(Fig. 11). The two middle cells develop into the body of endo- 
sperm by a series of transverse and longitudinal divisions, while 
the other cells form the haustoria. Just as in the other plants of 
the family previously investigated by me the two ends of the 
endosperm tissue are composed of smaller cells, very poor in starch 
but rich in protoplasmic contents. These in all probability assist 
ill the transportation of nutrition from the haustoria to the more 
deeply placed, endosperm tissue. The endosperm cells show abundant 
deposition of starch (Fig. 16). 

Endosperm Hausto ria 

The mieroi)y]ar tier develops into two liaiistorial cells. There 
is a nuclear division in each cell. (Fig. 12). The ]>artitional wall 
between the two cells is very thin and membranous, and disappears 
at a very early stage resulting in the formation of a highly aggres- 
sive tetramucleate body (Figs. 13 and 14), which continues to 
enlarge by digesting and absorbing the integumentary tissue in the 
neighbourhood of the vascular traces. There is a noticeable enlarge- 
ment of haustorial nuclei, which stain very deeply during the later 
stages. Older haustoria show rich protoplasmic contents and a 
net- work of cellulose, the latter persisting till a very late stage of 
embryo and endosperm development (Fig. 17). 

The two cells forming the chalazal tier develop into two simple 
imi-nucleate haustoria (Fig. 11). Just as in the mieropylar haustoria, 
the thin separating wall disappears very early. This results in tlie 
formation of a single tubular bi-nucieate body (Fig. 14), wliieh 
digests its way into the chalazal tissue and approaches the vascular 
tissue of the Mliim. The formation of hypertrophied nudei and the 
accumulation of rich protoplasmic material axe common to both 
kinds of haustoria. The chalazal haustorium is the earlier to be 
formed as also the earlier to degenerate. With the degeneration 
of the haustoria the nuclei disintegrate into small bits and the 
haustorial w^alls show a slight increase in thickness by tlie depo- 
sition of cellulose. The haustoiial action is so thoiough that very 
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little tissue is left between the integumentary tapetum and epidermis. 
The tapetal cells lose most of their cell-contents, become reduced 
in size, but develop a thick cuticle towards the endosperm (,Fig. IS). 

Formation of the Testa 

As already mentioned, only the epidermis and the tapetai laver 
remain intact during later stages, although the latter shows marked 



Figs. 16-20.— Fig. 16. L.S. of an almost mature seed showing fully 
formed embryo partly digested endosperm and the lianstoiia. X 97 *5. 
Fig. 17. Old microp 3 dar haxistorUim with hypertiophied nuclei . x 160. 

F'g. 18. Old ebalazal haustorinm with disintegrated imclei. x 160. 

Fig. 19. Scalariform thickening in the w^all of epidermal cell. X 65, 

Pig. 20. Epidermis of tesla enlarged. X 97 *5. 

reduction in the size of its cells. The walls of the epidermai cells 
become highly lignified (Pigs. 19 and 20) indicating their protective 
idle, 

of megaspores. X 480. Pig. 6. Degeneration of the three megaspores 
and the enlargement of the fourth. X 480. Fig. 7. Fully formed embryo- 
sac. X 480. Fig. 8. One of the micellar jacket cells neai* th.-) raicropyle 
showing cellulose thickening. X 1620. Pig. 9. First transverse division 
of endosperm. X 320. Fig. 10. Second transverse division of 
endosperm, x 320. Fig. 11. First longitudinal divison of the three chambers. 
X 320. Fig. 12. li.S. of the dev'eloping seed .shoxving the tw^o bi-niicleate 
micropylai' haustoria, the two uni-hufdeate chalazal haustona and 
the two rovrs of endorperni cells. X 320, Fig. 13. Slightly older stage 
than in Pig. 12. showing a single tetra-nucieate micropylar hnustorium 
and a single bi-nucleate chalazal haustorium. X 320. Pig. 14. Micropylar 
haustorium. X 480, Pig. 15, Chalazai haustorinm. X 320. 
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DiSCXJSSIOlS 

Embryo-sac.— Ill all the members studied by me so far the 
embryo-sac deYelops from the innermost niegaspore of the linear 
tetrad. While an embryo-sac with narrow tapering clialazal part 
containing small antipodals is quite a common occurrence, there 
are instances like (Author, 1939 5) and Ilelampyrum 

(Schmid, 1906) where the embryo-sac is enlarged towards the 
chalaza. The former species is specially noted for the loosely 
arranged antipodal cells, while the latter is wanting in the anti- 
podals when the embryo-sac is mature. The short and stout nature 
of the embryo-sao in Melampyrum is attrihnted to the resistance 
offered by elaborately formed ceilnlar strands developing from the 
inicropylar region of the integnment and growing tov/ards tlie 
interior. The antipodals ax^e often small and three in munher 
although occasionally only two (one of these bi-nncleate) may be 
jiresorit as in Alectorolopkiis (Schmid, 1906). 

Integumentary Tapstitm. — ^During the tetrad formation and 
early stages of the embryo-sac development the tapetum sheathes 
the miceilus completely. Only when the embryo-sac is reaching 
the eight-nucleate stage the nucellar jacket disintegrates, thus 
bringing the sac directly in contact with the tapetum. Exceptions 
to tins are Isoplexis (Author, 19S9 a), Soptibia trifida, Melampyrum^ 
Alectorohphus^ etc., where the nucellar jamket is present even when 
the sac is almost mature. Alelampymm (Schmid, 1906) goes a step 
further inasmuch as there are cellular integumentary strands 
developing from the micropylar region into the interior and almost 
blocking the micropyle. Although Hofmeister (1855) and Balicka- 
Iwanowska (1899) explain them to be tapetal outgrowths, Schmid 
(1906) feels that they are of a different origin. As regards their 
nutritional value there is no controversy. While tapetiiin often 
lines the nou-dilated part of the embryo-sac, there are instances 
like Aleetorolophus and Melampyrum where the entire sac is sheathed, 
MiA FeMcidaris (Schmid, 1906) where the varying grades in sheath 
formation are noticeable. 

The structure and development of tapetum and its nutritional 
relationship to the embiyo-sac before and aftei? fertilization have 
been described by several investigators. In Gelsia fAuthor, 1939 a) 
VandelUa (Author, 1940 a)^ Torenia (Author, 1940 c), Tetranema^ 
(Author, 1940 d)- and others the tapetum shows the formation of 
large cells. It is also noticed that the sigDificant development of 
these cells takes place at a time when the hanstoria are very much 
reduced or begin to show senility. . A digestive, ahsorptiVe and 
storage as well as a protective function has been ascribed to the 
tapetal layer, the enlargement of its cells and the peculiar thicken- 
ing of its cell-walls lending further support to. this view. There are 
many parasitic and non-parasitic members where the tapetum is 
of no great importance during the post ferrilization stages of the 
embryo-sac development. Here instead of tapetal cells, the epi- 
dermis shows various kinds of thickening of the wall to meet the 
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meclianical requirements. Oil globules preseist in tlie epidcniiis of 
several members during the formation of seed are ]irobablv a device 
to meet the local demands. : 

Endospbem AND Endosperm-iuustoria— The sequence; of the 
earlier divisions in the endosperm is of great sicniticar.ce in the 
classiflcation of the members into the dift’erent tTpos. An attem])t 
has already been made in this line by GliSic (1936-37), but some of 
the plants studied by me do not fit into anv of the types described 
by him and have, therefore, to be treated^ separately. In all the 
cases the first tvro divisions are transverse. The third division is 
longitudinal, either extending to all the three ehamhers {Soptibk) 
or to the micropylar and middle chambers only {Ahciorohplm and 
Latlima) or only to the middle chamber [Fcdkulam. Enplirafiia, 
Toszia and Melampymm). Latknea is remarkable for variation in 
the sequence of divisions. In this case at times the second division 
is longitudinal and the third is transverse, thus indicating some 
delay in the organization of the haustoria. This makes one suspect 
that nutritional factor may he responsible for this peculiarity. 
A second longitudinal division takes place in Sopubia dclpMniJolia 
but it is wanting in S. irifida and other parasitic members of tlie 
family. Here, only a nuclear division takes xdace. In Fedicularis 
and Euphrasia the microirylar and chalazal chambers show only 
nuclear division. 


3 3 



So-ptihia Sopihia Lathma and Melatiipyrnm Pcdiatlaris 

delphinifolia irifida AlectorolepJms and Tozzia paUtstris and 

Euphrasia 


Diagrams illustrating sequence of wall formation in tlie earlier deveiopincnt 
of endosperm in some members of the group Ilhinani licfe 

The haiiBtorial structures can he aiTanged in a progressive 
series as in the accompanying diagram. SopuMa deVpiimifoUa is 
least specialized, since it has in the heginning four iiiii-imeleate 
micropylar liaustoria and two uni-niieleate chalazal haustoria. 
reminding one of the Frolimosella-X^pQ of GliSic (lOSG-ST). This 
condition is also met with in Eerpettiis (l>nnath, 1934), Alonsoa 
(Author, 1937), Ih/santhes, Boyinaija (Author, 1940 1?) and others. 
The next is S. irifida mth tvvO bi-nueleate micropylar haustoria and 
tvvo uni-nucleate chalazal haustoria. The third stage, f.c., the 
occurrence of two bi-nucleate micropylar liaustoria and one bi- 
niieleate chalazal haustoiium is seen In AlecforoJoplna} and Zaihreva 
(Schmid, 1906). The last, i.c., the formation of a tetra-nuelcate 
microp)Ylar haiistorinm and a bi-nueleate chalazal haustoriimi 
right from, the commencement is seen in Fedicularis (Schmid, 1906). 
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The. older stages in all these members are alike inasmuch as they 
all -possess a tetra-niicleate micropylar haustoruim and a bi-iiueleate 
ehalazal haustorium. The thin separating membrane present 
between the haiistorial cells towards the micropyle of Sopiihia is 
completely absorbed, w^hile in Aleetoroloplms there is pfartial dis- 
solution. " Thus the presence of a tetra-nucleate micropylar hausto- 
rium and bi-nucleate ehalazal haustorium either from the com- 
mencement or during later stages is a fairly constant feature for 
all X3arasitic members of this family. In the non-parasitic members, 
on the other hand, there is considerable variation with regard to 
the number of haustoria and their nuclei. The greatest reduction 
in the number is seen in Gratiola (Glisic, 1933) and Faulownia 
(Millsaps, 1936). While the lateral haiistorial branches or lobes 
are quite characteristic of the parasites dealt ivith above, it cannot 
be stated, that this is always associated with parasitism, since in 
Aegimiia (Juliano, 1935) a parasitic member of the closely related, 
family Orobanchacefe the micropylar haustorium is reported to be 
a non -functional body, and even the ehalazal haustorium is not 
elaborate in its develox3ment. It m&j eJso be mentioned that even 
non-parasitic members like Alo'nsoa (Author, 1937), NemopMla 
(vSvensson, 1925) and others show haiistorial branches .‘which are 
equally or even more elaborate than in the parasites. 

In all the members of the Serophulariacea? studied safar the 
first division of the primary endosperm nucleus separates a ehalazal 
haustorial initial, although, judging from the statements of Schmid 
(1900), in a few cases like Pedieularis and Enplrrasia the micropylar 
haustorium seems to be first formed. The next division is either 
transverse or longitudinal, the former lesiilting in the early form- 
ation of the micropylar chamber and haustorium, while the latter 
delays the organization of the same. This delay may be explained 
as due to some peculiarities in the nutritional conditions. Most of 
the members show the micropylar liaiistoria in a functional condi- 
tion long after the ehalazal ones have degenerated. Thus the 
ehalazal haustorium is generally the first to be organized as also 
the first to degenerate. 

Often one type of haustorium grows much more than the other. 
Even in a single type the different lobes show different grades in 
the develo|)ment. This is very well illustrated by Melampyrum 
(Balicka-Iwanowska, 1899 ; Schmid, 1906) in which one of the two 
micropylar haustorial lobes is very well developed and grows into 
a long filiform body towards tbe hilum, while the other is very 
much reduced in size. 

The older haustoria show hypertrophied nuclei, which stain 
very deeply in later stages. Along with this there are other changes 
also, like the deposition of eelMose either uniformly on the haustorial 
walls or in the form of rods or net in the haustoria. In Pedieularis 
the net-like appearance is quite a significant feature. A mechanical 
idle has been ascribed to this structure, but the disappearance of 
the cellulose rods in the ehalazal haustorium of Vandellia Mrsuta 
suggests also the possibility of a nutritional rdle. 
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1* The ovule consists of poorly developed niieelliis and a sins^le 
massive integument. The hypodermai arehesporial eel! functions 
directly as the inegaspore nfiotheT-eell. 

2. A linear tetrad of megaspores is formed, the inneiniost cell 
developing further into the normal eight-nucleate emhryo-sae, 

3. An integumentary tapetum is organized at an early stage, 
but this lines only the non-dilated part of tlie mature emhryo-sae, 
although during earlier stages the entire einbryo-sae. is surrounded 

.by.it.. . ■■■■ 

4. The primary endospeim nucleus divides transversely to 
form two cells of which the upper again divides rosultirg in a row 
of three chambers, the chalazal, the middle and the ipieropylar. 
The next division is longitudinal resulting in two row’s of three 
cells each. The tw’o central cells develop into the body of tlie 
endosperm. 

5. The chalazal cells form a single bi-nuclcate liaustorium by 
an. early dissolution of the thin separating membrane. 

6. The two micropylar cells enlarge and their nuclei divide 
resulting in two bi-nucleate haustorial cells wdnch later coalesce to 
form a lobed and highly aggressive tetra-imeleate body growing 
towards the hilum. 

7. In older haustoria the -walls become thickened and the 
nuclei become highly chromatic and hypertrophied. 

8. The endosperm shows two distinct regions — one, of smaller 
cells adjacent to the two haustoria and the other of larger cells 
situated in the middle. The smaller eells are riehly iirotopla^^mic 
and their chief function is probably to transport food materials 
from the haustoria to the more deeply situated tissue cf the endo- 
sperm. 
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Introduction 

The problem of the effect of X-rays upon regenerating animal tissue, 
as widely separated as those obtained from coelenterates, flat%Torms, 
segmented worms, and chordates, has greatly attracted the atten- 
tion of biologists during the last 40 years or so. The use of these 
rays has been considered in these inYestigations as important as 
that of stains or reagents in biological study made for disclosing 
many obseryational changes. Workers in this field like Zawarzin 
(1929), Curtis (1936), Bardeen and Baetjer (1904), Stone (1932), 
Litschko (1934) and Butler (1933) have most often concluded that the 
regenerative processes by which the missing parts become restored 
are usually retarded or completely inhibited according to the degree 
of exposure to the rays. It seems that such changes result as a 
sequence of irradiation of active cells which produce new tissues by 
division, migration and differentiation. 

As a result of mutilation, regeneration in animals has been found 
to involve both histological and organismal changes. But our 
knowledge with regard to the effect of X-radiation in plant -regene- 
rates is vet meagre. Preeland (1933) and Kaylor (1940) investigated 
but the morphological aspect of BryopJiylhtm plantlets. 

Although both organismal and histological factors are so 
inextricably mingled that they may be taken as different aspects of 
a uniffed series of events, yet of the two, the latter is likely to be 
more clearly recognised in so far as it consists of morphological and 
regional changes in cells. Moreover such a study of progeny plant- 
lets does not seem to be made so far. In the present work, therefore, 
an attempt has been made to study in detail the induced anatomical 
modifications attendant upon irradiation of Bryo'phjlluni leaves. 
Attempt has also been made to find out the nature and origin of 
regenerative or formative cells responsible for the production of 
plantlets. 
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Procebutie 

Por experimentation eighteen Bryophyllum edycimim leaves of 
uniform size and shape were selected from plants of nearly the same 
age. Each of the leaves was approximately 7 cm. long with 20-22 
marginal notches. In all including control, 6 sets of experiments 
were arranged and in each case 3 leaves were employed. The selec- 
tion of leaves for individual expeiiments was made at random. 
The set-up of the tube used in the work was the following : — 

Yoltage .. .. 54K.Y. 

Tube current .. 5 ma. 

Distance . . . . 15 cm. 

Anticathode .. tungsten. 

Exposure . . . . 2, 5, 10, 20, and 35 mins. 

According to the above-mentioned exposures, 5 sets were 
irradiated. After treatment, leaves were kept in distilled water in 
suitable containers until in each ease regeneration was complete. 
Daily records were made of the progress of regeneration. At 
successful intervals of plantlet growth, sketches were made to bring 
out the differences between control and irradiated progeny. For 
anatomical study the material was fixed with formalin-acetic-alcohol 
(Eawlins, 1933) from which 10 fjL thick sections were cut and sub- 
jected to detailed microscopical examination. 

The chlorophyll content of leaves belonging to plant-lets from 
differently treated series, was determined by the recent method 
developed in this laboratory (Singh and Eao, 1937) ; the principle 
essentially consists in the measurement of the amount of light 
absorption of an alcoholic extract (80 per cent, methyl alcohol) of 
plant pigments within a narrowly defined region of the spectrum 
for which the chlorophyll (a + j8) possess a marked absorption, 
while the absorption of the other pigments is infinitesimal. 

Findings 

Morphological Changes : — 

Unlike FTaylor’s findings, regeneration in leaves treated for 
2 minutes duration started on the 7th day, i.c., 2 days earlier than 
the control set wheie buds at the notches showed sprouts on the 9th 
day. They were superior to the control as regards their rate of 
growth, number of leaves produced and length and number of roots 
(Fig. 1, ef, A and B). Each plantlet in the case of 2 minute-expo- 
sure possessed nearly. 7 roots whereas the control could only produce 
5 during the same period. The plantlets rapidly increased in size 
and attained the maximum height earlier than the control. The 
plantlets produced after 5 minutes treatment were much similar to 
those obtained from the untreated set with regard to almmst all the 
characters noted above (Fig. 1, G). Still longer exposures caused 
retardation in these respects so that plantlets produced after 10 
minutes irradiation had only 3 leaves after a lapse of 10 days 
(Fig. 1, D) when the untreated set was able to produce 6 leaves. 
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Greater retardation effect was noticed after 20 minutes treatment. 
In this case regeneration was markedly delayed and the plantlets 
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Fig. 1, Bryophyllum calycinum leaves with regenerates following 
different doses of X-radiation. The first three diagrams were made 10 days 
after treatment : A — control, B-— 2 mins, irradiated, and 0 — 5 mins, 
irradiated. 

Other three diagrams show the 3 -leaf stage obtained after : 

27 days in D (10 mins, irradiated ) 

39 „ „E (20 n 5, ) 

4:7 ,, ,, F (3'5; ,, : ?» ) 

could come to the 3-leaf stage after a duration of 26 days and even 
then the number of roots was smaller than in any of the previous 
sets (Fig. Ij E). 

Unlike the effectiveness of the above-noted treatments a 
35 minutes dosage gave some interesting observations. Eegenera- 
tion in this case commenced as late as 21 days and the jirogeiiy 
showed marked morphological ahnormaHties. Such plantlets were 
obviously yellowish green in colour while an irregular distribution 
of light-yeilow patches characteristically presented a mosaic appear- 
ance. Such observations follomng longer exiiOsiires have not been 
reported by Naylor (1940). Moreover the leaves belonging to these 
plantlets were usually irregular, often rolled and had an entire 
margin without any notches (Fig% 1, F). These observations are 
in close accord to the previous findings of Bingh. and associates (1939) 
in case of cotton seedlings raised from X-rayed seeds. Following 
irradiation the chlorophyll disturbances of the type noted above 
w'ere also reported by Stadler (1930) in barley, by Morgan (1932) 
in Freesia, and by Wolcott (1936) in barley and castor plants. 
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Anatomical Changes : — 

Under liearier doses (10 mins, and beyond) of X-radiationj the 
regenerative changes were inhibited in proportion to the duration 
of exposure. Uatnrally, therefore, the cell forms were greatly 
affected ; but among the treatments utilised in this investigation 
the maxiimini variations were initiated by a 35 minutes dose. It is 
for this reason that special stress has been laid in this work to the 
study of regenerates belonging to this particular set. 

Leaf anatomy ^ — ^Apart from the two epidermal layers and the 
ramifying veins, the bulk of control leaf is composed of large paren- 
chymatous cells abundantly supplied with chloroplasts. There is 
practically no differentiation of mesophjdl tissue into palisade and 
spongy parenchyma. The leaf structure as a whole is bilaterally 
symmetrical (Figs. 2, A). 

Irradiation tends to modify the outline of the leaf. The central 
portion usually bulges out to form a raised structure (Fig. 2, B). 
The epidermal cells become turgid often assuming an irregular 
appearance. The mesophyll of the control leaf consists of thin- 
walled irregularly arranged compact cells with a few dr no inter- 
cellular spaces, while the leaf tissue of irradiated plantlets showed 
loose arrangement of cells with numerous intercellular spaces 
(Fig. 2, ef, A and B). Unlike that of control the mesophyll tissue 
was pale, with groups of cells either having few plastids or none at 
all. Some of the cells showed even tissue distortion. In the control 
leaf-tissue there is a big central vascular bundle representing the 
midrib. This consists of large thick xylem vessels with loosely 
coiled spiral element of . protoxylem at the extreme upper edge of 
the wood. Phloem vessels aie close and small in size. Following 
irradiation the single vascular bundle divides into two dissimilar 
elements (one large and another small) where xylem. cells are small 
though numerous and closely packed. Phloem vessels are much 
reduced in size and in number and are loosely arranged (Fig. 2, B). 
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Fig. 2. Camera lucida drawings of the T. S. of leaf from different 
regenerates : A— control, B — 35 mins, irradiated ( X ca. 100). 

^ — The cortical portion of the control sample 
consists of 8-10 concentric layers of polyhedral parenchymatous 
cells. In the irradiated roots this region contains a heterogeneous 
mixture of different sized cells which being loosly arranged increase 
the number and dimensions of inter-eellular spac4 (Fig. 3, A and B). 
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Fig. 3. Camera lucida drawings of the T. B. of root from different 
regenerates: A — control, B.- — 35 mins, irradiated (X ca. 100). 

More marked cliaiiges are observed in tlie sttlar vsystem of 
iiradiated and unirradiated roots. The primary root in case of 
control is as nsnal a tri-exarch protosteie where the protoxylem 
element is composed of elongated spiral and annular vessels. The 
centrally placed meta-xylem region consists of large porous cells. 
The latter structure is far more developed in irradiated roots so that 
more than two-thirds of the vascular cylinder consists of meta-xylem 
while a few protoxylem cells are present but at the ends (Fig. 3, B). 
Such cells are thick and closely packed together. Alternating with 
the protoxylem points there are three groups of phloem separated 
by conjunctive tissue, which unlike that of control set become meri- 
stematie in roots of irradiated plantlets. The curved stripes of 
cambium thus found in the treated progeny, however, do not come 
in contact with protoxylem groups. 

Chlorophyll content, — Slight changes in the colour of leaves of 
irradiated plantlets’ of short duration series became more marked 
as the duration of exposure increased. The greatest dilferentiation 
in leaf colour accompanied by variegated patches after a 35 minutes 
exposure gave stimulus to make study in this direction. The data 
on pigment analysis of different representative series have been 
shown in Table I, 

Table I 

Chlorophyll content (in mgm. per IB grams of fresh material) in 
control and X-rayed learns of Bryophylium regenerates 


Material 

Chlorophyll 

content 

Control 

14 -00 

2 mins, treated 

13-25 

5 „ „ . 

12-13 

10 „ „ 

10-24 

20 ,, 

8-30 

35 ,, ,, 

6-10 


3 


V, 
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It iSj tims, evident that there "was a progressiTe decrease in 
cMorophyll aecumulations as the duration of irradiation dcse 
increased. Under 35 minntes treatment the ehlorcpiiyll content ^¥as 
lowered to even more than half obtained in the control set; being 
6-10 against 14*0 mgni. 

UlSCUSBION 

jSTaylor (1940) has reported siipi)ression in regeneration with 
higher doses of X-rays but he does, not mention any conspicuous 
changes in the regenerates of the type noted in this work. Folio wing 
a half hour exposure, he obtained a marked suppression in the 
developmental activity of the mother tissue. In the present work, 
however, even a 35 minutes dose did not stop regeneration though 
the process was greatlj" delayed and the plantlets produced were 
invariably characterised with marked abnormalities.* A two- 
minutes treatment, on the contrary, causes some accelerating effect 
upon regeneration. Observations of this nature also, accompanying 
short duration treatments, have not heeri noted by Xaylor though 
Zawarzin (1929) working on PelmatoJiydra oligaetis concluded that 
shorter exposures accelerate regeneration. Similarly, activation 
following short duration radium treatment has also been reported 
by Oongdon (1912) in case of Tiihtilaria croeea. The variations in 
results of the present enquiry to those of Xaylor may possibly be 
due either to the varietal difference in the types investigated or to 
the difference in the ^ set-up ’ of the tube used for generating X-rays. 
The observations in general, however, lead to more or less similar 
conclusions that regeneration is retarded more and more as the 
duration of exposure to the rays increases. There is every likelihood 
that beyond a certain speciffc limit regeneration may even cease. 
Probably, a 35-mitutes exposure initiating pale mosaiced leaves 
have very nearly approached the cessation limit. 

The powerful action of X-rays is ‘evident from the observations 
oil plantlets obtained xiarticularly after long duration t^eatment^s. 
Inhibition iu growth, change in symmetry of leaves, and their 
characterivstic coloration are evident examples. It has been noticed 
that as the duration of dose increases, the decrease in chlorophyll 
content becomes rapid. The slowness in the rate of growth of 
regenerates may then be accounted to a loss in the accumulation 
of chlorophyll, a factor associated with the process of photosynthesis. 

The injurious action of X-rays is further visible on microscopical 
examination of leaf tissue wliere mesoi3hyll shows distortion of cells 
and destruction of chloroplastids following irradiation. The cells 
of this tissue also become loose having numerous intercellular spaces 
in contrast to the close and compact cell arrangement observed in 
eontro] samples. Increased leaf thickness and cell disintegration 
probably account for an increase in the inter-cellular spaces. This is 


* III BryopJu/Uimi the buds are present m the notches in a dormant 
state. Uere one is really dealing with the effect of X-ray on growth. — Ed. 
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followed by a reduction in pUoem bundles. Xylein element, on the 
eontrary, is m both in leaf as well as in the root. 

These observations beiDg in close accord to those of Miege and Coupe 
(1914}, Johnson (1926), Wolcott (1936), and Singh k al. (1939) ; 
give some clue to the nature of cells responsible dining regenera- 
tion, Freeland (1933) observes regarding the nature of cells respons- 
ible during regeneration, that stem and leaf primordia begin to 
grow first in proliferation and are exogenous in oiigin, while root- 
development is endogenous in both E; caZycr/rnm a E. cmiatum. 

Like previous observations of this Experiment Station [Singh, 
Ohoudhri and Kapoor (1939)], the irradiated leaf tissue in 
these investigations also contains two adjacent middle bundles 
instead of one present in the control. From the appearance of 
these dissimilar bundles placed side by side, one would eon dude 
that the smaller of these is but an isolation effect of one whole 
indicating further that the midrib undergoes splitting during 
irradiation. As already pointed out these changes induced in 
regenerates obtained from X-rayed stock are more or less of a similar 
nature as those noted in cotton seedlings raised from X-rayed 
seeds. The seeds enclose radicle and plumule representing the 
embryonic root and shoot respectively. Following the treatment 
of seeds, therefoie, it is assumed that the changes observed in seed- 
lings develop from changes initiated in the embryo. Since the 
changes in the present enquiry exhibit a more or less similar trend, 
the development of plantlets from mother stock may easily be taken 
as embryonic rather than meristematic, that is to say, the plantlet is 
already organised in the notches. This agTees with the finding of 
Freeland (1933). It is anticipated that irradiation of meristematic 
tissue, may produce local changes, but will ordinarily not lead to such 
conspicuous plantlet abnormalities. Evidently then, it appears 
reasonable to conclude that there is embryonic structure present 
at each notch of the leaf, and it is this that is responsible for regenera- 
tion in Bryopliylhim. This idea finds further support in the well- 
known law of Bergonie and Tribondeau (Curtis, 3^36) wlierein it is 
indicated that embryonic cells are far more susceptible to X-rays 
than the differentiated ones. 

As evidenced, if regeneration involves the presence of cells having 
embryonic potencies, it maybe supposed that the inhibition of regene- 
ration or a change in the character of regenerates (morphological 
or anatomical) after irradiation results from injury or destruction 
of these embryonic cells without which regeneration cannot occur. 

Summary akb Ookclusioxs 

Bryophyllum calycinum leaves were exposed at notches to 
X-rays for durations lasting 2, 5, 10, 20 and 35 minutes and regenera- 
tion initiated by keeping the lower end of these leaves under water. 
Both morphological and anatomical observations were gathered, 
but in particular, changes in the latter aspect were accounted to 
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understand the nature of cells responsihie during regeneration. 
The conclusions arriyed at are : 

Two minutes exposure had a slight stimulating effect hut further 
higher doses inhibit regeneration. 

Irradiation of leaves for 20 minutes caused some modifications 
in plantlets which became more distinct after longer exposure to 
'X-rays. 

After 35 minutes treatment leaves became asymmetrical, thick, 
rolled, had entire margin and presented a mosaic appearance. 
Chlorophyll content of the leaves decreased as the exposure to the 
rays increased. 

Structural changes were observed both in the leaves and in 
roots. The leaf mesophyll became loose and colourless indicating 
the presence of more air-spaces and a lack in the development of 
chlorophyll. The mid-rib splitted into two. Irradiation further 
activated development of xylem element but phloem was adversely 
affected. Boot system of the irradiated plantlets showed greater 
development of metaxylem^. 

On the basis of anatomical changes it is assumed that the cells 
responsible for regeneration possess embryonic potencies. 
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The present paper describes tlie structure and deTelopment of tlie 
ovule and embryo-sac of two members of the Liliacete, Drimiopsis 
kirJci Baker and Allium Govanianum Walk The former is a native 
of tropical Africa, but is now grown in many tropical gardens* It 
bears somewhat globular flow^ers in spikes which are devoid of any 
bract-like involucres. Allium Govanianum is a small herb growing 
in the alpine Himalayas, with an underground bulb, narrow linear 
leaves and white flowers aggregated in involucrate umbels at the 
summit of acutely angular scapes. 

The material of both the plants was collected by Hr. A. 0. 
Joshi. Allium Govanianum was obtained from near Khilanmarg 
(height 11,000-12,000 ft.) in the Kashmir State. The flo-wers were 
fixed in Kavashin’s fluid with a pretreatment in Ca^noy^s, The 
material of Brimiopsis Icirlci w’^as collected from the Eoyal Botanic 
Gardens of Peradenyia (Ceylon) and Calcutta. It was fixed in 
formalin- acetic-alcohol and Karpetschenko’s fluid. Customary 
methods of dehydration and embedding were follow’ed and Heiden- 
hain^s iron-alurn liscmatoxylin was used for staining. 

Previous Work 

The embryological literature bearing on the family Liliacese 
lip to the year 1930 has been summarized by Schnarf (1931). 
Eecently Joshi (1939) has summarized the important contributions 
which have appeared since then. In the present paper, therefore, 
only tbe literature bearing on the two genera Brimiopsis and Allium 
is mentioned. 

The genus Brimiopsis has been studied so far only by Baranow 
(1926), wim made a cytological and embryological study of Brimiopsis 
maeulata. 

The history of embryological work on Allium dates back to 
1861, wlien Hofmeister described the mature embryo-sac, fertiliza- 
tion and embryo formation in A. odorum. The credit of the dis- 
covery of the bisporic type of embryo-sac development in Allium 
gees to Strasburger (1879), whose results wx^re later confirmed by 
Fischer (1880) and Sehniewind-Tfieis (1901). Strasburger (1879) also 
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described the egg-apparatus aud discussed tbe homologies of the . 
several nuclei in the embryo-sae. The formation of embryos from 
antipodals was reported in JL. odor'wm by Tretjakow (1895) and 
Hegelmaier (1897). According to them only one antipodal cell, 
which shows certain coirespondence with the egg cell, invariably 
develops into the embryo, but occasionally embryos are also formed 
from other antipodals also. The occurrence of synergid-embryony 
was also recorded, Hegelmaier (1897) noted the presence of 
adventitious embryos in some of the seeds examined by him. 

Among the later workers, mention may be made of Schtirhoif 
(1923) and Haberlandt (1922, 1923), The former studied the 
phenomenon of fertilization in A. odorum. According to him all 
the adventitious embryos are not formed from the antipodals, an 
observation which was not confirmed by Haberlandt. Modilewski 
(1925) reinvestigated A, odorum and tried to offer an explanation 
from the cytological view-point of adventitious embryo develop- 
ment. Sehurhoff (1923) has given an extensive summary of the 
cytoembryological investigations on this genus up to 1925. 

Weber (1929) investigated several species of Allium and her 
work is a substantial addition to the previous literature. She 
observed several types of synergids, the early degeneration of 
antipodals, the fusion of polar nuclei before fertilization and lastly 
the presence of supernumerary nuclei in the pollen tubes of Allium 
rotundum^ 

Messeri (1931) studied the^ embryo-sac development in six 
species of Allium. In A. neapolitanum he observed the absence of 
antipodals and all the four chalazal nuclei functioning as polar 
nuclei. He also recorded antipodals functioning as eggs in A. nigrum, 
A, subhirsutum and A. scJioenoprasum. Modilev/ski (1931) described 
the development of the embryo in A. odorum. Maheshwari (1937) 
has listed the species of which the embryo-sac has been studied so 
far. 

Beimiopsis kieki 

(a) The Structure of gynoecium and the ovule . — The gynoecium 
is tricarpellary, syncarpous. The superior ovary is trilocular and 
shows two anatropous ovules in each loculus. The ovules are 
collateral so that a longitudinal section (Mg. 1) shows only one and 
a transverse section (Mg. 2) two ovules in each loculus. The 
ovules are erect, bitegmic, with the micropyle pointing downwards 
and arise from near the base of the ovary (Eig. 1). The outer integu- 
ment consists of 3-4 layers of cells, the inner of two layers through 
its greater length but of 3-4 layers close to the micropyle. The 
micropyle is formed only by the inner integument. 

The development of the ovule is quite normal. The inner 
integument develops before the outer. When it has attained the 
height of the nucellus, the primordium of the outer integument also 
makes its appearance. The nucellus is poorly developed. At the 
tetrad stage it consists of 2-3 layers of cells, but 1-2 layers are 
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crusbed by tlie growing embryo-sac, so that the mature embryo-sac 
is practically covered by the epidermis alone (Pig. 3). 

One of the interesting features of the ovules is the development 
of a hypostase-like strand of cells in the chalazal region of the nuceilus 
connecting the tubular antipodal region of the embryo-sac with 
the vascular bundle of the ovule (Fig. 3). The cells of this strand 
are regularly arranged and are densely filled with cytoplasm. The 
presence of such a strand was noted by Wiindeihch (1938) in Yucca 
filammiosa and by Joshi (1939 and 1940) in IfUgcMia indica, 
Gloriosa su'pcTha and Qagea faseicularis. It appears to be a general 
feature of the family and serves the purpose of condueting food 
material to the embryo-sac. 

(6) Development of the Embryo-sac, — The number of inimary 
archesporial cells varies from one to three. These differentiate 
rather early, before the primordia of the integuments make their 
appearance (Pigs. 4 and 5). The occurrence of more than one arches- 
porial cells appears to be a general variation in the family Liliacese, 
several examples being cited by Schnarf (1931), such as Gagca luiea^ 
Lilium Ilartagon, Lilium eandidum, Lilium longiflorum, Lilium 
philadelpMcum, Fritillaria messanensisj Fritillaria meleagris, Yel- 
iheimia sp., Yucca gloriosa, etc. Each archesporial cell cuts off a 
parietal cell (Pigs. 6 and 7), which never divides periclinally, so that 
only a single layer of parietal cells is formed. This is later crushed 
by the growing embryo-sac. 

Only one archesporial cell develops beyond the mega spore- 
mother-cell stage. The functional mega spore-mother-cell elongates 
considerably, undergoes the two meiotic divisions (Pigs. 8-12) and 
forms a row of four megaspores (Pig. 12). Sometimes the orienta- 
tion of the spindle during the second division in the upper dyad cell 
is oblique and a T-shaped tetrad is the result (Pig. 14), as reported 
by Joshi (1939) in Iphigenia mdw, Maheshwari and Singh (1930) in 
Asphodelous tenuifolius and by Watkins (1938) in Yticca nipicola. 

The chalazal megaspore always develops into the embryo-sac. 
It enlarges, becomes vacuolate and appears as the young gameto- 
phyte. The degeneration of the remaining niegaspores starts from 
the micropylar end. Where a T-shayed tetrad occurs, the upper 
two megaspores are the first to degenerate. Yacuolation continues 
in the uni-nucleate gametophyte and the iiuelens now enters the 
first mitotic division (Pig. 15), as a result of which two nuclei are 
formed. These nuclei are pushed to the opposite poles by the grow- 
ing central vacuole (Pig. 16). 

The 2-nueleate embryo-sac gives rise to the 8-iiucleate stage 
in the normal manner (Pigs. 17 and 18). During its development 
the embryo-sac expands on all sides, but particularly at the 
micropylar end. The cytoplasm aggregates at the two poles and 
these are connected by fine strands of cytoplasm. The antipodals 
are organised before the egg-apparatus (Pig. 18). 
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(c) The mature embryo-sac.— YM mature embryo-gac lias a 
bulbous form with a narrow tubular chalazal portion (Pig. 19). The 
egg has got the usual structure, but its cytoplasm stains rather 
lightly and appears hyaline. The synergids have a beak-like apex 
and are provided with a distinct f filiform-apparatus ^ as previously 
noted in Yucca (Habermann, 1906), etc. For the full list reference 
may be made to the paper by Dahlgren (1928). Another peculiarity 
of the synergids is the total absence of any vacuoles. They are 
densely hiled with cytoplasm. The same "feature has also ‘ been 
noted by Joshi (1939) in IpJiigenia and by Watkins (1937) in Yucca. 
It appears to be wide-spread in the family. In favourable sections 
hooks are visible on the synergids. The nucleus is situated helow 
the ^ hook. The antipodals are found in the narrow' ehalazal 
portion of the embryo-sac. They are generally uni-nneleate, but 
in one case an antipodal with three nuclei wus also observed 
(Fig. 20). Joshi (1939) has listed the Liliacea^ which show" multi- 
nucleate antipodals. The polar nuclei meet in the middle of the 
embryo-sac, but the secondary nucleus formed by their fusion moves 
to the antipodal end of the embryo-sac. This indicates that the 
endosperm in this genus also most probably develops according to 
the Helobiales-tjpej which Wunderlich (1937) has found to be 
characteristic of the Scilloidese, the tribe of the Liliacea^ to wdneli 
Brimiopsis belongs. 

Allium Goyanianum 

(a) Structure of the gynoeeium and the ovule . — Each loculus of tl^e 
trilocular superior ovary has only one aiiatropous ovule (Figs. 21 
and 22). The gynoeeium of JMum Govanianum is thus consider- 
ably reduced as compared with other species of the genus. Tiie 
ovule has two integuments, which are more massive than those of 
Brimiopsis and develop nearly simultaneously. The outer integu- 
ment is 4-6-layered and the inner though its greater length 
3-layered. The micropyle is long and narrow", and is formed only 
by the inner integument (Fig. 23). The nucellus is even more 
reduced than in Brimiopsis. At tho djmd stage the micropylar 
apex show's only one layer of the nucellar cells, the epidermis of the 
nucellus (Fig. 25). Later even this is crushed and the embryo-sac 
touches the epidermis of the inner integument,. wliich is from the 
very heginning in very close contact with the nucellus. 

in each loculus. Fig. 3. Longitudinal section of the ovule showing the 
structure of the integuments, nucellus and hypcstase-like strand. The 
ovule is nearly mature. Pigs. 4-5. The piimary archesx>oiium. Fig. 6. 
Archesporial cell after cutting off the paiietal cell. Fig. 7. Two mega- 
spore-mother-cells in one ovule. Fig. 8. A megaspore-mother-celL Pigs. 
9-10. The I ineiotic division in the megaspore-mother-celL Fig. 11. 
Dyad stage. Fig. 12. II ineiotic division. Fig. 13. Tetrad of mega- 
spores. Note the parietal cells which do not divide at all periclinally. 
Fig. 14. Early degeneration of the two micropylar megasi)ores. Big, 15. 
First division in the embryo-sac. Fig. 16. 2-nucIeate embryo-sac. Figs. 
17-19. 4-micleate, 8-nucleate and mature embryo-sac stages. Note the 
ehalazal tube in the mature embryo-sac. Pig. *20. Multi-nucleate anti- 
podals. Figs. L 2 and 5 (X 175). The rest (x 800). 
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Figs. 21-33. Allium Govanianum. — ^Fig. 21. Transverse section of 
the ovary showing one ovule in each of the three loculi. Fig. 22. Ovules 
at the primary archesporial stage. Only a part of the ovary is shown. 
Fig. 23. Anatropous ovule at the mature embryo-sac stage. • Fig. 24. 
Primary archesporium. Fig. 25. Dyad showing the early degeneration 
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(b) Bevelopmeyit of the emhryo-sac. — ^Albout tlie time the pri- 
mordia of the integuments are formed a single hypodermal cell 
differentiates as the primary archesporial cell (Pig. 24), which 
functions directly as the megaspore-inother-cell (Fig." 25), as noted 
by Strasbiirger (1879) in A: fist%dosum^ by Modilewshi' (1925) in 
A. odomm, and by Dahlgren (1927) in A. strictmn. Dahlgren (1927) 
states that there is a wide variation in the formation of the parietal 
cell in the family Liiiacece. JDrimio'psis MrJci and Allium Govanianum 
investigated by the writer well illustrate this character. 

The megaspore-mother-cell increases in size and divides to form 
tvvo dyad cells (Fig, 25). The upper one of the two degenerates 
very soon (Figs. 26, 27), while the one towards the chalazal end 
develops into the embryo-sac. The development follows the Beilla- 
type (Figs, 26-30). The 2-nucleate stage is quite normal, but the' 
4-nucIeate stage is characterised by the arrangement of the nuclei 
more or less in a row, with two at each pole. The position of the 
nuclei differs from that of JDrimiopsis MrM, where the embryo-sac 
follows the NormalAypOi of development. 

(c) Mature embryo-sac. — The mature embryo-sac is rougluy 
fusi-form in shape (Fig, 30). The synergids are comparatively 
bigger than the egg- Strasburger (1879) distinguished in Allium 
fistulosum a large synergid occupying the summit of the embryo-sae 
by the side of the egg and a smaller one situated slightly below. 
This character was not noted in the present material. The synergids 
attain large size, and possess a large nucleus occupying more or less 
a central position. They show hook-like projections slightly above 
the middle. They may be full of dense cytoplasm without any 
vacuoles (Fig. 33), or show small vacuoles (Fig. 30) or a single large 
vacuole (Fig. 32) towards the chalazal end. Iso. ^ filiform- 
apparatus ’ was noted. Weber (1929) working on several species 
of Allium also lecorded different types of synergids, the signiilcance 
of which she discussed with regard to fertilization. The egg is a 
flask-shaped structure, poor in cytoplasm and with a relatively 
small nucleus. The polar nuclei fuse in the centre. The fusion 
takes place before fertilization as noted by Strasburger (1379) in 
A. fistulosum and Weber (1929) in A. panieulatum. Of the three 
antipodals, one is conspicuous from the others (Fig. 31) by virtue 
of its position, by organisation of the internal cytoplasm and by the 
possession of a smaller nucleus like the egg. It shows a clear 
resemblance to the egg, although the other two antipodals do not 
show the structure of the synergids. Modilewski (1931) observed 
in A. nigrum and in A. paniculatum the antipodal ceils exhibiting 
a close 'correspondence with egg-apparatus, the other antipodal 


of the micropylar cell. Figs. 20 and 27, 2-nuGleat8 embryo-sacs. Figs. 
28-29. Division stages (prophase and metaphase) of tlie l-nucleate embryo- 
sac. Fig. 30. Mature embryo-sac. Fig. 31. Antipodals. Fig. 32. 
Synergids with chalazal vacuoles. Fig. 33, A synergid densely filled with 
cytoplasm and without vacuoles, and the egg. Figs. 21-23 (xl75). 
Figs. 24-33 ( X 1400). 
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cells resem?)iiiig synergids even in tte possession of filiform- 
apparatus Messeri (1931) also recorded the same feature in three 
species studied by him. Furtherj this sort of organisation is not 
confined to the genus Allium alone In the family. According to 
Ernst (1902) in Paris quadrifolia and Trillium grandiflorum also the 
antipodals now and then assume the form of the egg-apparatus. 

■ Discussion. 

The family Ziliaeece is remarkable in showing gieat variation in 
the development of the embryo-sac (Schnarf, 1931) and almost all 
types of development have been observed within this family. In 
Drimiopsis Mrhi. as in Drimiopsis maculata investigated by Baranow’' 
(1926), the embryo-sac has been found to develop according to the 
NormalAfype. The only unusual features are the absence of vaeuola- 
tion in the synergids, which as stated before has also been noticed in 
a number of other Liliaeece, and the occasional occurrence of multi- 
nucleate antipodals. The chaiazal end of the embryo-sac show^s 
tubular extension, in which are placed the antipodals. Beed (1903) 
and Watkins (1937) attribute a haustorial function to this chalazal 
tube. In the case of Drimiopsis also it appears to have the same 
function, as it penetrates into the strand of elongated cells connecting 
the chalazal end of the embryo-sac with the vascular bundle of the 
ovule ending in the chalaza. It is clear that most of the food 
material must be passing into the embryo-sac through this tubular 
chalazal end. 

The embryo-sac in Allium Govanianum has been found to 
develop according to the ScillaAiype, also called the AZZmm-type 
(Maheshwari, 1937). This mode of development appears to occur 
with remarkable uniformity in all the species of Allium investigated 
so far. Only Weber (1929) has noted that in Allium paradoxum 
the development follows the Normal-type, This author noted the 
presence of three tetrads, but as Maheshwari (1937) says she did not 
see all the developmental stages. The synergids of Allium Qova- 
7 iianum are variable in structure. They may be densely filled with 
cytoplasm or possess only small vacuoles or a single large vacuole. 
Still more interesting, however, is the organisation of an egg-like 
antipodal. In Allium odorwn this feature has been found to be con- 
nected with the development of antipodal embryos (Hegelmaier, 
1897). It may, therefore, be interesting to study the development 
of embryo in Allium Gova^iianum also. 

The diferentiation of one of the antipodals in several species 
of Allium as an egg and in some species of the three antipodals as an 
egg-apparatus supports the view of Porsch (1907), according to 
wdiich the 8-nuoleate embryo-sac of angiosperms is equivalent to 
two archegoma. 

■ Summary 

The embryo-sac of Drimiopsis kirhi develops according to the 
NorynalAjpe, The mature embryo-sac is characterised by the 
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(levelopmeiit of a olialazal lianstorial tubular extension, tlie absence 
of vacuoles from tlie synergids, presence of ^ filifomi-apparatiis ^ 
on the synergids, anci the occasional presence of nmlti-nucleate 
antipodals. The number of primary archesporial cells vaiies ficm 
1-3 and a parietal cell is cut off. 

The embryo-sac of Allium Govmiiamim develoj^s aceording to 
the ScillaAjpQ. It is characterised by the variable structure of the 
synergids and antipodals. The single primary archesporial cell 
cuts off no parietal cell. 

• The TOiter takes this opportunity of expressing his sincere 
thanks to Dr. A. C. JosM, of Benares Hindu University, under 
Avhose guidance this investigation has been carried, for suggesting 
th.e problem a-nd supplying the necessary material. 
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I. Introduction 

The small family of Eiatinaceae of the Parietales lias only two genera, 
Elatine and Bergia. both of wMcli are represented in India. Most 
of the previous work in the family is confined to the genus,' Ehiine, 
Kajale (1940) has in a recent paper described the life-histoiy of 
Bergia ammanioides^ Roxb. Eriesendalil (1927) has described the 
development of the embryo-sac in the other genus, he., Elatine, In 
the present paper, the life-history of another species of Bergia, 
namely Bergia capensis, is described. The haploid chromosome 
number of Bergia eapensis has also been determined for the first time. 
The haploid chromosome numbers of only two other species of 
Bergia lime been previously deteimined (ilagerup, 1932). Besides 
this, no other work seems to have been done in the genus Bergia, 

II. Material and Methods 

Bergia eapenns is a water plant rooting at the lower nodes. 
Flowers are borne in clusters in the axils of leaves. Material for 
tbe present investigation was collected from plants found growing 
in a rice field in Manalur. Anthers of the required stage were 
determined by acetocarmine examination and then fixed in Karpe- 
ehenko’s Jlawashin. Ovaries and fioww buds were fixed in corrosive 
sublimate-formalin-acetic-alcohol and were embeded in paraffin in 
the usual way. Sections were cut at 6 to 10 /x thickness. iN'ewtoifs 
4 ^ y 
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Iodide Gent-ian Violet was employed for eytological x>i*<-"paTations 
while Heideiihairds Iron alum Hsematoxylin was iised for staining 
the embryo-sac and embryo. 

■HI. . OBBEmV^TIONS^^ :■ 

(a) 3Iierosporogenesis » — x4. row of two or tliree liyi;)odermal 
cells constitute the primary archesporinm of the anther lobe 
(Fig. 1). These hypodermal cells cut ofE a layer of primary paiietal 
cells (Fig. 2). This parietal layer divides peiiclin ally into two 
layers. The twm lawyers thus formed, again divide periclinally. As 
a result, four layers of wall cells exclnding the epidermis are formed 
(Fig. 3). The innermost layer of wall cells becomes the tapetiim, 
the hypodermal layer becomes the fihrons endotheciiim, while the 
two middle layers are gradually crushed as the anther develops. 
The tapetal cells to begin with, are imi-nucleate but during the pro- 
phase of the pollen mother-cells, become hhniicleate and in this 
condition they remain till their final disorganization. Their division 
is mitotic in nature. Fig. 3 shows different stages in the mitotic 
division of the nucleus of the tapetal cells. Some /workers have 
reported fragmentation or amitosis as the typical method of nuclear 
division of the tapetal cells. For example, the nuclei of the tapetal 
cells divide by amitosis in Datura stramonkm 1920). Bonnet 

(1912) and Cooper (1933) have found the tapetal nucleus dividing 
by ordinary mitosis. Cooper recognised three types of tapetal cells : 
(1) in which the tapetal cells remain uni-nucleate, (2) in which the 
tapetal cells become hi-nucleate and (3) in w^hich the tapetal cells 
are pluri-nucleatc. Similar mitotic division of the tapetal nuclei 
has also been recorded in Gynaniropsis (Baghavan, 1938) and 
Angelonia (Baghavan and Srinivasan, 1940). The niicrosporo- 
genous cells after further mitotic division become the pollen mother- 
cells and round themselves off. At fiist metaphase nine bivalents 
can he counted in the pollen mother-cell (Fig. 14). The arrange- 
ment of the mierospores is usually tetrahedral. The pollen grains 
at the time of shedding are two-celled (Fig. 15). 

(&) Megasporogenesis.—The ovary is composed of five carpels 
with numerous anatropous ovules arranged along an axile placenta. 
Very early in the development of the ovule a hypodermal arches- 
porial cell is differentiated (Fig. 4). It cuts off a parietal cell and 
functions as the megaspore mother-cell (Fig. 5). The primary wall 
cell undergoes first an anticlinal division and by further peiiclinal 
and radial divisions a eomparatively massive parietal tissue is built. 
There is evidence to show that to its constitution the epidermal 
cells of the nucellns also contribute by their division. The nucellus 
on the sides of the mature embryo-sac is about two cells thick 
(Fig. 12). As the endosperm and the embryo begin to develop in 
the embryo-sac, these two layers of cells are crushed. 

(e) Ontogeny of the Integument. — Tliere are two integuments. 
The integuments arise as protuberances from the base of the ovule. 
The inner integument is the first to arise, the. outer integument 
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Figs. Ben'gia capensis, — ^Fig. 1. Hypodermal arcliesporial layer 

of an antlier iobe ( X 1500). Fig. 2. Tlie archesporial cells have cut off 
a layer of primary parietal cells ( X 1500). Fig. 3. Shows the five-layered 
anther wall, the innermost of which is the tapetnm. Note the mitotic 
division of the tapetal nucleus ( X 1500). Fig. 4. Primary archesporiiirn 
of the ovule ( X 1500). Fig. 5. Megaspore mother-cell after cutting off 
wall cell ( X 1100), Fig. 0. Ovule showing three-layered inner integument 
and two-layered outer integument ( X 500). Fig. 7. Linear tetrad of 
megs/spores ( x 1500). Figs. 8-11. Two-, four-, eight -nucleate and mature 
embryo-sacs ( X 1500). Fig. 12. Ovule with eight-nuclrate embryo-sac, 
showing the massive parietal tissxie, and the degeneration of tlie innermost 
layer of cells of the inner integument ( X 500). Fig. 13. Ovule showing free 
nuclear division of endosperm nucleus ( x 335). 

arising later. Both the integuments are composed of two hiyers of 
cells to begin with, but at about the time when the megaspore 
mother-celi is about to enter upon the meiotic phase, the inner inte- 
gument becomes three layered, due to the division of the inner layer 
of cells (Fig. 6). At about the same time, the outer integument 
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wMcli was initiated later grows rapidly and OYcrtakes the inner 
integument. The two halyes of the inner integument meet above 
the tip of the- imcelliivS and form the microxjyle. The outer iiitogii- 
mentai halves growing rapidly meat above the inner iiitegiiment. 
Both the integuments take part in the formation of the inieroxjyle. 
At about the time when the embryo-sac in the ovule becomes 
eight-nucleare, the innermost layer of the inner integument beging to 
degenerate (Fig. 12). As the ovule matures into the seed, the inner 
layer of the outer integument and the middle layer- of the inner 
integument degenerate. As a result, the testa in tiie mature seed is 
composed of the outer layer of the outer integument and the outer 
layer of the inner integument. The remains of the degenerated inner 
layer of cells of the inner integument can also he seen (Fig. 24). 

The megaspore mother-cell increases in size and undergoes the 
reduction division as a result of which a linear tetrad of megaspores 
is formed (Fig. 7). Ivajale (1940), however, found in Bergia amma- 
nioi^efi a T-shaped tetrad or a linear tetrOid and in one instance a 
row of three megaspores (strictly speaking a dyad and two 
tetrads). The chalazai megaspore functions while the rest 
degenerate. The single nucleus divides and gives rise to a 
binucleate embryo-sac (Fig. 8). The two nuclei divide twice in 
succession to form an eight-nucleate embryo-sac (Figs. 9 and lO). 
In the eight-nucleate embryo-sac there are two groups of four-nuclei 
one towards each end of the embryo-sac (Fig. 10). The mature 
embryo-sac is comparatively small and elliptical in shape (Fig. 11). 
The two synergids are very prominent as also the poiai nuclei and the 
antipodals. The polar nuclei fuse either in the middle of the emhryo- 
sac or more towards the antipodal end (Fig. 11) and not towards 
the egg apparatus as is usually the case. All these eight cells occupy 
a large part of the space of embryo-sac (Fig. 11). The antipodals 
degenerate immediately after fertilization as also the synergids. 

(d) Embrijo, — After fertilization tlie oospore (Fig. 16) undergoes 
a period of rest at the end of which it divides trarisver>sely to give 
rise to a terminal cell {t) and a basal cell (b) (Fig. 17). These two 
cells again divide transversely and as a result a linear pro-embryo 
four cells long is foimed (ti, hi, Fig. 19). The four-celled 
proemhryo stage is a very important one, since each of these cells 
gives rise to a definite region in the ma-ture embryo, and the method 
is usually the same in all members of the group or family. There 
are two types of arrangements of the cells of a four-celled proemhryo. 
Either they may be arranged in a linear fashion as in the present case 
and as ivS common in the Eubiacese, Bolanaceje (Boueges, 1922, 24), 
Leguminosese (Cooper, 1933 ; Weinstein, 1926) and Umbelliferse 
(Borthwick, 1931) or the upper two cells may be one over the other, 
and the lower two cells lie side by side. This type of arrangement 
is recorded in Orucifer£e, Eananculacege (Boueges, 1913, 19) and 
Gapparidacese (Baghavan,. 1937). 

The terminal cell {ti, Fig. 19) of the four-celled proembryo is 
responsible for the forma.tion of the embryo proper. It divides 
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Figs. 14-24. Bergia capensis. — Fig. 14, Metapliase I showing nine 
bivalents (X 1500). Fig. 15. Mature two-celled pollen grain (X 1100). 
Figs. 16-23. Varions stages in the development of the embryo. Fxi)lana- 
tionin the text. Figs. 16-21 ( X 1500). Fig, 22 ( X 1100). Fig. 23 ( x' 750). 
Fig. 24. Mature seed. The testa is composed of Wo layers of cells. 

The second coil from the tip {U in Fig. 19) now divides trans- 
versely to form t;wo cells ^ and Ig, 2 21). The one towards 

the micropvle 2 ) not divide again but forms part of the 

suspensor. Tiie other cell, which is next to the embryonal sphere 
(fg, 1 )? functions as the hypophysis. The hypophysis divides trans- 
versely into hi and 7^2? the upper of the resulting two cells {hi in 
Fig. 22) becomes continuous with the dennatogen, v;hile the low^er 
cell (Jig in Fig. 22) arches into the embryonal sphere and forms part 
of the periblem (Fig. 22). 

The two remaining cells of the four-celled proembryo {bi and 
ill Fig. 19) and the sister cell of the hypophysis (^ 2, 2 -t) 

forms the suspensor wliiehis thus composed of three eidls. Fig. 23 
sho-ws the lobing of the cotyledons. The mature embryo (Fig. 24) 
is straight with short and equal cotyledons. The t^vo plerome 
strands of the cotyledons, shown* in Fig. 24 by dotted lines meet the 
plerome of the root at the hypoeotyledonary region. Tlie plumule 
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is enclosed between the cotyledons and appears as a small papillate 
protuberance. There appears to be no well-inarked endospeim 
tissue suiTonndiug the cotyledons. 

(e) li'ftdospfm.-— The triple fusion nucleus divides repeatedly 
hfoTo the division .of the oospore (Fig. 13) in a free nuclear fashion 
The resulting free endosperm nuclei are distributed along a peri- 
pheral layer of cytoplasm in the embryo-sac, -wliile a number of tliem 
arc found accumulated in the chalazal part of the ombryc-sac where 
the cytoplasm is rather dense. Wall formation which synchronises 
with the lobing of the cotyledons, commences from the mieropvlar 

chalazal part. In Berffia ammamoides 
(Kajale, 1940) also, it is so, while in Matine (FriesendahL 1927) wall 
tormation in the endosperm tissue starts at the chalazal part of the 
embryo-sac and proceeds towards the mieropylar part. 

IV. General Considerations 

A small family of the Parietales, the Elatinaceaj, consists of 
^ont 35 species distributed over two genera Elatine and Beraia. 
The basis ^ differentiation between the two genera is that while 
the genus is characterised by two- or four-merous floral 

parts, in the genus Bergia, the floral parts are flve-merons. The 
chiomosome numbers known so far in this family are verv few Tbp 
chTOmosome numbers of only oiie species of Elatine, tiuee 
species of Bergia including Bergia capensis are known. 

Elatine hydropiper n . . 20 Bergia capensis . . 9 

Bergia ammanioides .. 12 
Bergia sujfruticosum .. 18 

Bie chromosome numbers known in this small family are so 
few that any attempt at generalization in the direction of cyto taxo 
nomy may be premature. But the very circumscribed nature of 
the famly, and the data already available make it possible for us 
to mate a few pertinent observations in respect of the two »enera 
comprising the family. bwera 

The relationship between chromosome numbers and systematic 

several cases^ and as 
is uow^indnllht chromosome numbers as a guide to taxonomy 
IS now undoubted. In recent years attempts have been made 

! chromosomal basis the taxonomic status and 
aflSmties of plant genera. Often the results of these attempts 
bs tbe classification of the species made on ?he 

basis of their morphological characters. For example, Smith (19321 
working on the eyto-taxonomy of the genus Anehnsa found that 
two species in the genus did not hafe tL bairSimbef of ISe 
genus and as such could not, on cytological grounds, be included in 
the genus. Johnston (quoted by Smith) purely on taxonomic 
gronncs had removed the same two species to o'er era otber liio-n 
Thu, the by John^itrot thfsc t„o “ 
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pm^ely taxonomic grounds, was confirmed on tlie criterioii of eyto- 
logical data also. Such coincidence of morphological and taxonomic 
features with cytological data, especially the chromosome mimhers, 
makes it possihle to use these as an additional basis for classification 
and very often as a verifying factor. In this small familY there are 
only two genera and these would appear, upon eytological grounds, 
to conform to two series, Flative following the 5-series and the 
genus Bergia following the 3-series. That there is sufficient ground 
for the differentiation of the two genera on the basis of~ floral 
characters, there can be no doubt and the cliromosome numbers 
only confirm the distinctiveness of the two genera. These two 
differ from one another in such a fandamental character as the 
number of the fioial parts. It may seem not unjustifiable to make 
these into two sub-families Elatinoidese and Bergioidcie each 
being monogeneric. Very often we find that such a division of a 
family into sub-families is associated with a difference in the basic 
chromosome number of one or two. Eecently we found (Eaghavan 
and Srinivasan, 1940) that the division of the Aizoacem into the 
Molluginoidese and Picoidese was correlated to a difference in basic 
number, 8 for Ficoide^, and 9 for Molluginoideee.. These would < 
indicate, how’ever, that the primary basic number of the family 
would be a lower number and that these are to be regarded as 
secondary balances of the primary number. Indication of this is 
to be sought in secondary associations, that may be exhibited by 
the different members, and if possible, supported by genetical 
data. For example in the family Papaveracece (Sugiura, 1940), 
the Ohelidonoideae -would conform to the 3-series, the Hypecoidese 
to the 4-series and the gmm Fapaver in said to be the most highly 
developed genus amongst the Papaveracese both for anatomical 
and karyological reasons. Species of PapaveroideaB contain multi- 
ples of the sum of 3 and 4. These data would malce us believe 
that further observations in this circumscribed family both as regards 
chromosome numbers and the prevalence of secondary associations, 
etc., will throw more light in support of the suggestion that has 
tentatively been made. It is also interestiiig to note that this 
differentiation is associated with a morphological detail which at 
first sight may appear unimportant. This is in respect of the method 
of wail formation in the endosperm tissue. In tlie genus Bergia^ 
wall formation commences from the micropylar end of the embryo- 
sac, while in the genus Flatinej it commences from the chalazal 
part. 

V. SUMMARY^ 

1. The haploid chiomosome number of Bergia capensis Linn, 
is nine. 

2. The archesporium in each anther lobe consists of a row of 
two to three hypodermal cells. The development of the anther 
sac is described as also the behaviour of the tapetum. 

3. The mature pollen grain at the time of shedding is two- 
celled. 
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4- Tlie oyary is penta-carpellary. Tte oyules are anatropons 
and tlie placentation is axile. Tlie origin and development of the 
integuments are described and correlated Vvitii the testa in the seed. 
Each ovule has two integuments, the outer two cells thick and tlie 
inner composed of three cells. 

5. The development of the embryo-sac is found to be normal. 
Parietal tissue is rather massive and is built out of the j^rimaiy 
parietal cell and also by the epidermal ceils of the imcellus dividing, 

6. Embryogeny is traced in some detail. 

7. The endosperm development is free nuclear,, ^vall forma- 
tion starting from the microi^ylar end, 

8. The importance of cliromosome numbers in taxonomy is 
discussed. The family is viewed bn cyto-taxonomical grounds, and 
it is found that both for cytologioal and morphological reasons the 
two genera comprising the family are quite distinct. A tentative 
suggestion for the division of the family into these two inonogeneric 
sub-families is put forward. The scope for future work along these 
lines is also indicated. 
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I. Introduction 

Morphological and cjrtological work on Bignoniacece is very 
meagre. The chromosome numbers recorded so far cover only the 
following ten species distributed over five genera. 


Campsis radicans . . . . . . n = 20 

0. grandi flora . . . . . . -W' = 18 

Incarvillea grandiflora . . . , = 9 

1, Delavayi . . . . , . 9 

Tecoma ca])ensis . . . . . . ^ 2 . = 17 

T, jasminoides . . . . . , == 19 

T, Smithii . . . . . . n = 18 

T. Tagliabuana . . . . n = 20 

Oatalpa sy%ingcefoUa . . . . = 20 

Bignonia vemista . . . . . . n = ca 25 


Mention has been made of this genus Spathodea mainly in connection 
with the occurrence of water-secreting glands. The earliest obser- 
vations on these hydathodes were made by Treub (1889) in Spathodea 
campanulata. In addition to the scales, brown hairs covering the 
calyx, and the water secreting glandular hairs, there have been 
recorded also other sugar-secreting glands in this genus. In 
Spathodea stipulata, Eao (1927) noted the occurrence of sugar- secret- 
ing glands in addition to the usual nectary around the base of the 
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ovary. These glandular structures were found on all the floral parts 
sometimss scattered and sometimes forming local aggregations. 

Our attention was drawn to this species on account of the 
prominent turgid flower buds. It is a medium Azed garden tree 
said to be a native of South Africa, It flowers in our garden during 
the months of February and March. The haploid chroinosome 
number of this species has been determined for the first time and a 
few observations made on meiosis ; some details are also given of 
the ontogeny of the epidermal hydathodes as also an analysis of the 
fluid secreted by these glands. 

II. Matekial AND Methods 

The material for this investigatioii was collected from plants 
growing in the University Botanic Garden. Flower buds of the right 
stage of develox:>ment were selected and a preliminary acetocarmine 
examination was made. This did not give a very satisfactory 
indication of the nuclear divisions. The copious presence of starch 
grains adds to the difficulty. But by judicious warming over an 
alcohol flame and by keeping the slide for a number of hours without 
drying, the chromosomes show themselves out somewhat clearly. 
Care should however he taken not to overheat the preparation. 
As this process entails such a long delay, the fixation of the anthers 
could not he made Avith any amount of precision as regards the 
meiotic stages. Aceto-earmine examination was made use of only 
to ensure that the pollen mother-cells had already been rounded off. 
E'avashin’s fluid with a slightly lower percentage of formalin than 
usual (about 6 per cent, less) was employed. Embedding was done 
in the usual manner with chloroform as the paraffin solvent. 
Sections were cut at a thickness ranging from 10-14 microns and 
for staining, Newton^s lodine-Gentian-violet technique was almost 
exclusively employed. Since the starch grains also take up the 
stain, it is necessary to make a sort of a differentiation even at the 
alcohol stage. Slides had to he kept in 95 per cent, alcohol for a 
longer period than usual and the cytoplasmic destaining had to he 
done under microscopical observation. For the study of the 
glandular hairs small trimmed bits of calyx and other parts of the 
flower were fixed in F.A.A. and sectioned at a thickness of about 
18 microns. These were stained with Heidenhain’s iron alum- 
lisematoxylin. 

III. Observations 

(a) Meiosis . — There are only a few pollen mother-cells in each 
anther sac. The cells are comparatively big and an interesting 
feature is the wide disparity in the relative size of the cell and of its 
nucleus. Sugiura (1936) has pointed out the same peculiarity in 
Teeoma SmitUL The nucleus occupies only a fraction of the total 
volume of the p.m.c. and is generally towards one side. A number 
of starch grains of varying sizes are copiously present ; Fig. 1 shows 
a p.m.c. in the first metaphase. It will he seen that the hivalents 
occupy just the nuclear space. A similar ohservation was made 
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by us (Eaghavan and Venkatasubban, 1940) in respect of tiie 
somatic nuclei of Alpinia calcarata. 



Fig. 1. Pollen mother-cell in the Metaphase I showing 13 bivalents 
lying to one side and almost filled with starch grains of varying sizes 
( X ca. 3300). Pig. 2, PoUen mother-cell in Metaphcaso II show^ing 13/13 
distribution ( x ca. 3300). . 

Thirteen bivalents could be counted. Meiosis seems to be 
normal. Anaphasic disjunction follows the usual procedure, there 
being practically no lagging of chroinosoines. Fig. 2 sliows the 
p.m.c. at second metaphase showing the 13/13 distribution. Pollen 
grains are organised in the usual manner and to all outward appeai'- 
ances are viable. It would appear however that there is something 
which inhibits seed formation. Cursory examinations of the 
embryo-sacs at different stages have revealed that degenerations are 
of more frequent occurrence in their formation rather than in the 
formation of the pollen* grains. It looks as if it is the secondary 
nucleus of the embryo-sac that fails to function. This must however 
await further detailed observations which are being made. 

It may be pointed out here that the haploid number 13 has not 
been met with so far in any other genus belonging to the family 
Bignoniaceae. From a casual -study of the chromosome numbers, 
it would seem that aneuploidy has played a largo part in the 
evolution of the species - 

(&) The Secretion , — The flower buds present an inflated appear- 
ance and if a puncture is made the water is ejected with force. It is 
for this reason that the plant is popularly known as tlie squirt tree. 
The average quantity of fluid found secreted within a flower bud, 
based upon observations on 25 buds of approximately the same 
stage of development, is 3 ccs. A sufficient quantity of the fluid 
was not available for a detailed quantitative analysis. 

The pH value as determined by the ordinary calorimetric 
method was found to be 8. The liquid w’as further tested for the 
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presence of carbonate, cMoride, etc. With HCl it gave an efferves- 
cence showing the presence of carbonate. There was also a trace 
of ohioride. The flm small extent and it ivS likely that 

it contains a little of saponin too. Test for the presence of tannin 
was made with ferric chloride hot only negative results were obtained. 
With Eehling’s solution there was only a slight colour change and 
so the presence of only traces of reducing sugars was inferred. On 
evaporation crystalline bodies of an inorganic nature w^ere left 
behind, the exact nature of which could not he determined. 

(c) The Triclionie. — The liquid that is collected in such copious 
quantity is due to the activity of the glandular hairs which form, 
a lining on the inner surface of the calyx. To begin with an epidermal 
cell throws out a protuberance (Eig. 3, h), wrhich becomes gradually 
widened (Eig. 4, h ) ; the nucleus divides into two and a cross wail is 
formed separating them and this cell (Eig. 5) gradually bulges into 
the cavity of the knoh-like head cell (Eig. 6, h). Another tangential 
wall is laid in such a manner as to separate the basal stalk cell 
(Eig. 6, s) from the head cell (??.) with the intervention of a small 
narrow cell (Fig. 6, i). In the meantime the nucleus of the stalk 
ceil has divided and the middle cell (Eig. 6, i and 7, i) comes to 
possess one of the daughter nuclei of the division. The head cell 
(Eig. 8, li) soon undergoes anticiinical divisions. There are only a 
number of such anticlinal divisions 'while' periciinal divisions are 
absent. This indicates that these cells, about 5-7, are uniseriate. 
The intermediate ceil (i) undergoes very often another division 
so that there are usually 2 intermediary cells (Fig. 10, f ^ and 
Eig. 10, to) ; of these the lower one (Eig. 11, i^) usually undergoes 
radial septation and forms a two-celled body ; the upper (Figs. 11, 
and 12, ij) usually becomes 3- or 4-nucleate. Cross wall formation 
is not quite evident. Occasionally (i) undergoes an anticlinal division 



Figs. 3-12, Developmental stages of the epidermal hydathodes 
Explanation in the text. . 
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(Fig. 9, i). The stalk cell (s) which remains on a level with the 
rest of the epidtonal cells usually remains undivided. But occa- 
sionally a radial wall separates it into 2 cells (Fig. 12, s). 

IV. General Consideration 

Water- secreting organs or hydathodes vary greatly as regards 
details of their construction. The physiological importance of this 
process of water secretion is diversified. Liquid water is secreted 
when transpiration is suppressed and this prevents tbe hydrostatic 
pressure within the conducting system from becoming excessive and 
this in its turn protects the ventilating system from' the danger of 
flooding. 

Of the hydathodes there are two principal types, the epidermal 
hydathodes which do not communicate directly with the water- 
conducting system, and secondly those in which the gland is in direct 
communication with the water-conducting system. They are 
mostly modified bundle ends at the margins "of the leaves. The 
former corresponds either to a modified epidermal cell or to multi- 
cellular triehomes. They are most commonly found to be distri- 
buted on the leaves. They range from uni-cellular structures such 
as found in some Menispermaeese to multi-cellular water glands 
such as are plentiful in Plumbaginaceae. In a large number of cases 
the epidermal hydathodes take the form of multi-cellulai triehomes. 
In this species they take the shape of shortly stalked capitate hairs. 
The head which is multi-cellular is responsible for the actual secre- 
tion of the fluid. The external cell walls are unthiekened and covered 
by a very thin cuticle. The stalk is to be regarded as the mechanical 
component of the whole apparatus. 

While such hydathodes are conmion on leaves and as such 
may be endowed with the function usually ascribed to them, the 
triehomes found in the calyx in the present case are exactly of the 
same configuration. Obviously however their functions cannot be 
identical also. They are to be regarded as modified hydathodes 
and the large quantity of liquid found secreted enables the corolla 
and the essential organs of the flower to develop within this fluid 
without the risk of desiccation. Eemembering that this is a tropical 
African genus such a precaution is very necessary. 

The question arises whether these could be called extra-floral 
nectaries. A nectary is a glandular structure which may be located 
on any of the various organs, the si^ary secretion of which seems 
to attract pollinating insects to the flowers. A great many plants 
are furnished with what are called extra-floral nectaries which may 
occur within the floral region-sepals, bracts or purely on the vegeta- 
tive parts and they are supposed to serve to attract protective ants, 
etc. In a species of Vida for example every stipule bears on its 
upper surface a nectary composed of densely crow'ded club-shaped 
hairs. In Croton sparsiflorus, a very common exotic weed, two 
reddish extra floral nectaries are found at the base of the lamina. 
In all these cases Fehling’s test gives a heavy precipitate of cuprous 
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oxide, a circnmstance wliich iiidicate>s the presence of a considerable 
amount of reducing sugars. In the present case as .has been 
revealed by chemical test, there Is indication of only very small 
traces of sugar. In function the secretion is quite difCerent from 
ordinary nectariferous secretions. It would therefore appear to be 
inappropriate to style these as extra-floral nectaries. At best 
they may be regarded as modified hydathodes. 

V. Summary 

1. The haploid chromosome number of Spathodea campanulata 

Eeauv. has been determined to be ^ 13. 

2. The fluid secreted by the glandular hairs present on the 
inner side of the calyx has been analysed and is found to contain 
only traces of reducing sugars. 

3. The ontogenetic develojunent of these glandular hairs has 
been studied in detail, 

4. The question how far these glandular structures could be 
called extra-floral nectaries has been discussed. It is suggested that 
at best these could be regarded only as modified hydathodes. 
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The growth of the rice seedlings in solutions of different salts kept at 
different pH was determined by Dastur and John (1937) in order to 
find out the optimum pH and the nature of salts in which maximum 
growth occurred. The growth of the seedlings was determined by 
measuring the dry weight of the seedlings before and after they 
had grown in each solution for a fixed period of time. The pH was 
varied from 4-0 to 7-0 with a gradation of pH 0*2 for each 
solution. 

As a result of series of experiments, these authors found that 
the increase in the dry weight of the rice seedlings was greater in 
solutions o'f ammonium sulphate and ammonium phosphate than 
potassium nitrate solution of the same osmotic value and the most 
favourable pH for the growth was between pH 6*0 and 7*0. Ail 
culture solutions of pH below 6 ■ 0 were found to be detrimental to 
the growth of the rice seedlings. They, in their investigation, did 
not employ culture solutions with pH higher than 7*0 and as 
they had found that the growth of the rice seedlings was highest at 
pH 7 *0 it would be interesting to find out if a fiirthei rise in the pH 
of the culture solution would bring about an increase or a decrease 
in the growth of the rice seedlings pthe most favourable pH for their 
* groTYth could thus he determined. Mitra and Phukan (1929) had 
found that the highest root development occurred at pH 7-9. 
They only took the length of the roots as a measure of growth. In 
order to have a correct measure of growth, it is necessary to obtain 
the dry weight of the whole seedlings. Therefore tho authors 
undertook to measure by the dry weight method the growth of the 
rice seedlings in salt solutions of a pH varyiiig from pH 6*0 to 
pH 8*0. 

iNVEBTiaAriON 

In these experiments the range of pH used w^as from 6*0 to 8*0 
which means apuroximately pH 1*0 on each side of the neutral 
point. The gradation of pH was varied by 0*2 thus using solutions 
of eleven different pH for each salt solution. Salts ^ tised ^ were 
sulphates of Na*, K’, NH/ and Mg**, nitrates of Na , K , , Ca 
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and Mg’“, and phosphates of HaV^* NH/. In addition to these 
salts Knop’s and Tottingham’s culture solutions were also need . Pre- 
vious workers had observed that the number of plants fixed in each 
culture jar had a marked effect upon the concentration and pH of 
the culture solution. When a larger ^^umber of plants were used the 
concentration and pH of the solution changed very rapidly. In all 
these experiments, therefore, the number of plants used was only 
12. The pH of each solution was kept the same during the period 
of experiment by adding alkali or acid to the solution as required 
from day to day. The different salts used were added in such 
quantities, that the solutions obtained were nearly iso-osmotic. 
The change in the pH value of the solutions was noted every day 
and the solutions were changed twice a week. The other methods 
were the same as those descrihed by Dastur and John (1937). 

Beteemination of H-Ion Concbnteation 

Colorimetric meihod- — H-ion concentration of culture and various 
salt solutions were determined by the colorimetric method as given 
by Clark (1926), but this method was abandoned later, since there 
were errors in technique and certain specific errors such as salt 
errors, the indicator error and otheis which rendered it unsuitable 
for investigations requiring accuracy. On account of this, the 
electrometric method was used in all the experiments with the 
exception of those cases in which pH was above 7-8 where colori- 
metric method had to be used. ‘ 

Experimental Method 

Eice seeds of Oolumba variety, No. 42, were soaked in water 
for 24 hours. These seeds after they had germinated were planted 
in saw dust and allowed to grow for 14 days. On the 16th day they 
were taken out en bloc so that the roots were not injured. The 
seed coat together with endosperm of each seedling were then 
removed. About 120 seedlings of equal growth and apparently 
similar condition of health were selected for experiments. Special 
culture jars of 1600 c.c. capacity were chosen and fitted with wooden * 
lids having about seven holes in all for experimentation. These 
were then filled with distilled water and required amount of the 
stock culture solution or salt solutions of normal concentrations was 
added to it. There were three repetitions of each series and the 
mean of the three replicates is given in Table I. 

A study of the figures in the table shows that maximum increase 
in dry weight of seedlings occurred at pH 7 -0 to pH 7 *2 in all salts 
irrespective of the kations. Growth was maximum in potassium 
nitrate and ammonium nitrate solutions. The minimum increase 
in dry weights of the seedKngs was found to occur in calcium nitrate 
solution. 

These results were put to statistical test by employing Eisher’s 
(1937) method of analysis of variance. It is clear that the effects 
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Table I 

Increase in dry weighty in mgs, of the rice seedlings over the 
imtial iveigM of the seedlings in different nitrate solutions 
at different pE 


(Mean of the three replicates) 


pH 

Calcium 

nitrate 

Magnesium 

nitrate 

Sodium 

nitrate 

Potassium 

nitrate 

Ammonium 

nitrate 

1 

pH mean 
under all 
kations 

6-0 

1*9 

5*3 

2*6 

5*5 

9*6 

6*0 

0*2 

' 2*1 

6*8 

10 *7 

9*5 

14 *4 

8*7 

6*4 

3*0 

7*0 

10*7 

11*4 

20-1 

10*4 

6*6 

5*4 

14*1 

16*3 

15-7 

25*9' 

15*5 

6*8 

8*1 

14 *2 

■ 18*3 - , 

15*7 

28 *3 

16*6 

7*0 

9*6 

15*1 

18*8 

20*4 

36*9 

20*1 

7*2 

11*4 

17*2 

20*3 

33*9 

21*2 

20*8 

7*4 

8*4 

8*3 

9*3 

23-2 

14*1 

^ '^12>5 

7*6 

6*4 

7*0 

6*6 

13*8 

6*6 

8*1 

7*S 

5*4 

4*9 

6*7 

9*6 

5*9 

6*5 

8-0 

3*4 

4*5 

3 *3 

9*3 

2*9 

4*7 

Kation mean 
under all 
pH 

5*9 

9*5 

11*3 

15*3 

16*7 

11*7 


G.D. (1 %) for kations mean under all pH = 1 *59. 

C.D. (1 %) for pH mean under all kations = 2 *39. 

C.I). (1 %) for pH X kation mean for body of the table 5 *30. 


on growth of the ricfe seedlings of kations and of pH are Iiighly signi- 
ficant indicating that different kations or different pH have pio- 
duced different effects on the growth of the seedlings. The effect 
of one kation on growth is significantly different from the effect of 
another kation. Thus the effect of potassium nitrate on the growth 
of the rice seedlings is significantly different from the effect of any 
other nitrate. The same lemarks apply to the different pH of the 
salt solutions. 

The interaction between kations and pH is highly significant 
also. It shows that the effect on growth of a particular kation is 
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modified by the pH of the salt soliitionj i.e.^ it is different for the 
same salt solution at different pH* 


Analysis of Variance 


Variance due to 

B.F. 

Sum of 
squares 

Mean 

squares 

Ratio of 
variance. 

Kations 

■ . 

2538-70 

■;634,-T 

100-09 

pH 

10 

5057-81 

505 -8 

79-77 

Interaction — 
kations X pH . . 

40 

2288-59 ‘ 

57-21 

9*02 

Residual error 

no 

697 *54 

6-341 


Total . . 

164 

10582 -64 




The effect of Kations and pH in different nitrate satis on dry 
leeights, — ^With KVpH 7 -2 gave maximum weight and with !N'H 4 *,pH 
7 *0 gave maximum weight. Both these were equal to each other 
and represented the maximum weights obtained in the experiments. 
The dry weights for pH 7*2 and 7*0 did -not differ significantly 
from the other kations and between them Ca“ was the lowest at both 
pH values (Table I). 

The next best weights were obtained at pH 6*8 with NH/ ; 
not significantly differing from it was the weight for K", at pH 7*4, 
these were midway between those at pH 7-2 and 7-0 with the 
same ions respectively. The other ions made no difference for pH 
7*4. At pH 6 ‘8 the order for the other ions was Na‘, Mg*V and 
Ca •; for pH 6 - 6 Ha == Mg Vand Ca“. 

Other differences in the effects on dry weights of the plant can 
be read off directly from Table I. 

Here the maximum increase in the diy^ weight occurred at pH 
7 *2 in three out of the four sulphate solutions used. It is remarkable 
to find that the maximum growth occurred in solution of magnesium 
sulphate. It is difficult to explain such a large increase in dry 
weight of seedlings in the solution of magnesium sulphate. The 
growth of the seedlings in this solution was found to be greater than 
in ammonium sulphate solution. 

- The effect of Kations and pH in different sulphate salts on dry 
weight. — With Mg", pH 7 *2* gave maximum increase of weight and 
with HH/ pH 7-0 was the best (Table II). With Ha’, increase in 
weight at pH 7*0 and 7-2 was highest and did not vary significantly 
from each other. While with K*, pH 7*2 w^as the best. The maxi- 
mum growth obtained in SO/ series was with Mg", the next best in 
order being HH/, Ha* and K*. The growth increase in Mg" at 
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Table n 

Imrease in dry weight in mgs. of the rice seedlings over the 
initial weights of the seedlings in different sulphate solutions 
at different pH 


(Mean of the three replicates) 


pH 

, Iv 2 SO/' 

Ha* 2 S 04 " 

' ' 

(NH 4 )%S 04 " 

1 

Mg-SO/ 

pH mean 
, under all 
kations 

6-0 

1*0 

2-4 

7*6 

5 *5 

4*1 

6*2 

1*9 

* 7.5 

7*7- 

2*2 

4*8 

6-4 

4*6 

7*9 

9*2 

11*0 

8*2 

6-6 

6*9 

10 -4 

14*8 

13*1 

11*3 

6-8 

9*1 

12-7 

16*5 

15 *4 

13*4 

7*0 

10*4 

14*8 

20*0 

23-2 

17*1 

7-2 ■ 

13*4 

17-0 

1 15*9 

0 

CO 

19*4 

7*4 ■ 

9*7 

14*0 

8*3 

17*5 

12*4 

7*6 

8*4 

10*2 

8*0 

14*0 

10*2 

7-8 

6 '6 

8-0 

6*1 

' 7*8 

7*1 

8*0 

3*6^ 

4*8 

4*4 

6*9 

4*9 

Kation mean 
under, all pH 

" ’ 

6*9 1 

10*0 

10*8 

13*4 

10 *26 


G.D. (1 %) for kations mean under all pH == 2 *28. 

O.B. (1 %) for pH mean under all kations = 3*81. 

G.D, (1%) for pH X kations' in the body of the table = 8*01. 


pH 7*0 and 7*4 lay in the same non-signifieant group, with the 
maximum of HH/ at pH 7*0; and increase of weight in Mg**, at pH 
6*8 and 7 *4 lay in the same non-significant group with the highest 
growth with Ha" at pH 7-0 and 7*2 which was superior to the best 
growth obtained in K* at pH 7 *2. The next best ^owth was at pH 
7 *0 with HH/, from which the growth obtained in Mg** at pH 7*4 
did not vary significantly. The other ions at pH 7*4 did not make 
any difference of grouping. The next best pH was 6 * 6 , 6*8 and 7*4. 
At"pH 6*6, the order for the ions was HH/, Mg**, Ha*, K‘, and at pH 
6 *8 it was Mg** ^ HH/, Ha*, K* and at pH 7 *4 it was Mg** — Ha“, K* 
and HH/. So the order instead of being Mg**, HH/, Ha*, K* at pH 

5a ^ 
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6*6 is superior to Mg*', "wliile jra* and K’ are below that. But 
at pH 6-8 Mg'* and again become equal wMcb means that 
pH above 6*6 is suitable for Mg*v 


Analysis of Variance 


Variance due to 

D.F, 

Sum of 
squares 

Mean 
: squares 

[ . , „ 

1 ^ 

! Ratio of 
variance 

Kations 

3 

723 -37 

241*12 

18-46** 

pH 

10 

3046*50 

304 *65 

23*32** 

Interaction — 

kations X pH . . 

30 

833 -75 

27*79 

2 *12** 

Besidiial error 

88 ■ 

1149-46 

13*06 


Total .. 

131 

5753*08 




Effect of different Kations and pH in phosphate salts on dry 
weights, — ^Witb K’, at pH 7-0 and 7*2, and liTH/ at pH 7*2 the 
highest increase in growth was obtained. While with l^^a', pH 7 *0 
was the best (Table III). The highest growth obtained in the 
phosphate series was with NH/ at pH 7 -2, though it did not vary 
significantly from K* at pH 7 *0 and 7 * 2 . The next best growth in 
NH/ was at pH 7*0 and 7*4 which lay in the sam.e non-significant 
group. But increase in weight with K* at pH 7*0 was greater than 
that with NH/ at pH 7*0, while at pH 7 * 4 SH/ is greater than K\ 
It means that under the influence of ammonium phsophate pH higher 
than pH 7 • 0 was still suitable for growth. 

The next best growth amongst phosphates was at pH 6*8 and 
6 * 6 . At this stage the order of ions was K’, NH/ and Ha*, though 
they lay in the same non-significant groups. The next best pH 
was 6*4. At this stage the order of the ions was K*, HH 4 * and Ha*. 
H*, at pH 6 *4 was greater than HH 4 * though the significant difference 
between them was not great. But H* and HH 4 ’ were significantly 
superior to Ha*. The influence of Ha* had brought down the value 
of pH 7 *0 to equality with pH 6 *6 and 6 *8 for K* and HH”. The 
next best growth was at pH 6*4. But here K’ is greater than HH 4 * 
while K* and HH/ were significantly superior to Ha*. Hext best 
pH was 6*2 and 6*0. At this stage the order was HH/ =K*, and 
Ha*. The values of increase in weight at pH 6*0 and 6*2 were 
superior inwall cases to the values of increase at pH 7*8 and 8*0. 
But in HH/ and H* the values lay in the same non-significant group. 
Least growth was noticed at pH 8 * 0 . Of all the salts of the phosphate 
series growth was significantly Jess in Ha* while HH 4 ‘ though better 
than K* lay in the same non-significant group. 


GBOWTS OF RIGS SEFDLINGS IF GALT S0LUTI0F8 305 

Table in 

Increase in dpj weight in, mgs. of the rice seedlings over the 
initial weights of the seedlings in different phosphate 
solutions at different pH 
(Mean of the three rep^ 


pH 

Sodium 

phosphate 

Potassium 

phosphate 

Amnioilium 

phosphate 

pH mean 
under all 
kations 

6*0 

6*4 

’ 6*2 

14*1 

8*9 

6*2 

7*2 

' . ■ ' 

14*3 

■■■■ . ll>7'yV''^^ 

6*4 

9*1 ! 

20*3 

17*4 

■■■15 ‘a,' 

0*6 

13*4 

21*3 

A8*3/, 

17*7 

6*8 

16*2 

24-2 

18 *7 

19*7 

7*0 

18*6 

21*0 

28*5 

26*0 

7*2 

15*8 

29*0 

22*5 

25*8 

7*4 

15*2 

24*7 

oo 

22*9 

7*6 

6*0 

14*3 

27-0 

16*0 

7*8 

3*8 

12*2 

11*3 

9*1 

8*0 

3*1 

12 -Cl 

8*1 

7*7 

Kation mean 
under all 
pH 

10*4 

10-0 

19*9 

16*4 


C.D. (1 %) for kations mean under all pH = 1 *23* 

C.D. (1 %) for pH mean under all kations = 2 *40. 

O.D. (1%) for pH X kations mean for the body of the table — 4 *06. 
The greatest increase in dry weight occurred in the ammonium and 
potassium phosphate solutions. 


Analysis of Variance 


Variance due to 

D.P. 

1 ■■■'. '■ ■■■ ■ 

Sum of 
squares 

•■ Mean'-. 

squares' 

Ratio of 
Tariance 

Kations 

2 

1821*68 

910 *84 

241*00 

pH 

10 

3900 *54 ; 

390 *05 

105 *00 

Interaction — 

kations X pH . . 

:■•■ 20V;','; 

787-09 

39 *35 


Residual error 

■OQ''-.;;-''- 

249-34 

3*77 



:;■ ,;98:-V;..;. 

6818-65 
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Table IV 

Increase in dry weight in mgs, of the rice seedlings over the 
initial weights of the seedlings in Knopfs and Tottingham^s 
culture solutions at different pH, 


(Mean of the three replicates) 


pH 

Knop’s 

culture 

solution 

Tottingham’s 

culture 

solution 

pH mean under 
the two culture 
solutions 

6-0 

11*3 

8*8 

10 *05 

6*2 

9-0 

9-1 

9-85 

6-4 

8*8 

8 *4 

8-6 ' 

6-0 

13*6 

13-2 

13-4 

6*8 

19-0 

20-6 

19-8 

7-0 

24-2 

22 -0 ! 

23-1 

7-2 

26*5 

23*7 

25-1 


15*2 

20-6 

17-9 


12*8 

' 17-7 

15-25 


11 -8 

9-6 

10-7 


10-0 

9-1 

9-65 

Culture solution 
mean under 
all pH 

14-8 

14-8 

.1 

14-8 


Here also the most favourable reaction for growth was pH 7 *2. There 
was no differential effect on growth of the two culture solutions. 


Tbe results show conclusively that pH in the neighbourhood of 
pH 7 and 7*2 is best for growth of these rice seedlings while growdh 
is decreased at pH higher or lower than this value. 

The average increase. in the dry weights of the rice seedlings 
after they had grown in the two culture solutions and in solutions 
of nitrates, sulphates and phosphates at different pH are represented 
in Mgs. 1 to 4. 
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Conclusions 

The important conclusions leached as a result of this investi- 
gation are summarised below : 

1. The most favourable reaction for the growth of the liee seed- 
lings was found at pH 7 and 7-2 for all salts and culture solutions. 

2. The maximum increase in dry weights amongst the nitrates 
was obtained in the ammonium nitrate and potassium nitrate solu- 
tions the two salts being equal in their effects. 

3. The minimum increase in dry weight was obtained in the 
calcium nitrate solutions. 

4. The maximum increase in dry weight was obtained in 
ammonium nitrate solution at pH 7 -0, wliile in the potassium 
nitrate solution it was at pH 7*2. 

5. The maximum increase in dry weight of the rice seedlings 
amongst the phosphates was obtained in ammonium phosphate and 
potassium phosphate solutions, both being equal in their effects. 

6. The maximum increase in dry weights of the rice seedlings 
amongst the sulphates was obtained in the magnesium sulphate 
solution at pH 7*2. 

7. In general phosphates were found superior to nitrates and 
sulphates, as the greatest increase in dry weights occurred 
in the phosphate series. This is probably due to very small growth 
made hj the seedlings in calcium and magnesium nitrate. If these 
two are not taken into account, the nitrates of ammonium and 
potassium are superior to phosphates of the same two kations. 
But sodium phosphate on the other hand has given greater increase 
in dry weight than sodium nitrate. 

8. There is a greater fall in dry weights in the nitrates than in 
the phosphates of different kations as the pH of the solution increases 
from pH 7-2 onwards. If the solutions of all the pH values are 
considered together, the average increase in the dry weights in the 
ammonium and potassium nitrate solutions are in lower than in the 
phosphates of the same kations. Thus for the rice seedlings the 
range of favourable reaction is wider for the phosphates than for 
the nitrates. 

9. The superiority of magnesium sulphate for the growth of the 
rice seedlings over the sulphates of the potassium and ammonium has 
been wholly unexpected and it is difficult to explain it at j>resent. 

10. The interaction of kations with pH was highly significant, 
indicating that the effect of each kation on growth was modified 
by the pH of the salt solutions. 

Summary 

The study of the relative effects of the solutions of nitrates, 
sulphates and phosphates of different bases on the growth of the 
rice seedlings at different H-ion concentrations varying from pH 
6-0 to 8-0 was made and it was found that the maximum growth 
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of the Tice seedlings occurred in ail salt solutions pH 7-0 or 
pH 7-2. In solutions of ammonium salts and phosphates of other 
salts the maximum growth was at pH 7*0, while in the rest of the 
salt solutions and in the Knopfs and Tottingham^s culture solutions 
the maximum growth was at pH 7*2. The favourable pH for the 
growth of the rice seedlings was between pH 6 *8 and 7 *2. The growth 
was markedly suppressed at pH lower or higher than this range. 

Growth of the rice seedlings was the highest in the nitrates, 
medium in phosphates and least in sulphates. Amongst the nitrates, 
potassium and ammonium nitrates were found to be the best, while 
the least growth occurred in solutions of nitrates of calcium and 
magnesium. Similarly phosphates of ammonium and potassium 
were superior to sodium phosphate. Amongst sulphates, magne- 
sium sulphate was found to be superior to sulphates of ammonium 
and potassium. 

The growth data was statistically examined by Msher’s method 
of analysis of variance. It was found that the effect of different 
kations and different pH on growth of the rice seedlings was highly 
significant, indicating that each kation and each pH had a different 
effect on the growth and the effect of each kation on growth was 
modified by the pH of the solution. 
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